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Abstract

"'The subject of this thesis is modeling of the mainte-
nance function in the strategic alrlift system.  The implicit
assumptions of the universal maintenance man concept are

investigated for applicabllity. A more detailed model of the

1 é . maintenance function 1s developed using SLAM as the primary-
; simulation language. Malntenance manning is modeled ﬁt the
Alr Force Speclalty Code level, to allow the possibility of
bottlenecks in manning requirements. Malntenance discrepan-
cles are determined for major subsystems of the airlift air-
craft, and distributions for repair times are estimated for
each subsystem. Substituting the detalled model of malnte~
nance for a model that uses unlversal maintenance(@éﬁ, sub-~
{ sequent runs of a simulation of the airlift\system show the

Va1
i assumptions of the universal maintenancé man\poncept to be
! N :

'
ey

invalid. Additionally, in a simulation using aggregate bases,

maintenance manning 1s not a significant factor.
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AN IMPROVED MAINTENANCE MODEL FOR THE
SIMULATION OF STRATEGIC AIRLIFT CAPABILITY

I Introduction

Background
Strategic alrlift is the fastest method to transport

men and equipment between theaters of operations. "It is a
vital part of the balanced mobility force essential to the
attainment of national objectives" (Ref 1:1). The defense
of Europe and the North Atlantic Treaty Organization (NATO)
allies is one of our primary national objectives, but recent
increases in Soviet ground and air forces (Ref 5:100) have
made this task more difficult. Our polley of forward defense
(Ref 5:98) requires the forces in Europe to hold the Warsaw
Pact until reinforcements arrive from the United States.
Consequently, the primary objective of the United States Air
Force mobility program is to be able, by 1982, to double the
American divisions in Furope and increase the number 6f tac-
tical fighter squadrons by 30 percent, in about ten days
(Ref 5:207).

| In order to plan defensive tactics, field commanders
must know the capabilities of strategic airlift, the primary
source of short-term resupply and reinforcement. The trans-
portation feasibillity study, as directed by the Joint Stra-

tegic Capabilities Plan (Ref 6), usually deteimines the
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tactical options of the fileld commander. To meet the require-
ments of the planning process, the Mllitary Alrlift Command
(MAC) has tasked the DCS/Operations Plans "to maintain a sim-
ulation capabllity to evaluate airlift performance and cap-
ability in various scenarios" (Ref 11:182). 1In response to
this tasking, the Operations Research Division at MAC, XPSR,
has developed an extremely large simulation of the alrlift
system, M-14.

The M-14 simulation models the airlift system as a
network of over U400 bases, through which aircraft, aircrews,
and cargo flow. Complex control mechanisms monitor such
items as crew duty time, crew rest times and facilities, and
cargo load generation. Details of numbers of parking places,
taxil times, and servicing capabilities are kept for each base
in the system. Aircraft flylng times are followed so inspec-
tions and unséheduled maintenance tasks can be accomplished
by the maintenance force (Ref 9). This amount of detail
represents a monumental simulation effort which has resulted
in a very large model. There 1is one area, however, where the
amount of detail may not be sufficient to capture the effect
on the system. |

M-14 uses what is commonly known as universal mainte-
nance men. No distinction 1s made with regard to speclalty
skills among the maintenance force, All maintenance person-
nel are lumped into a pool and assigned from that pool. This

1s a common approach in modeling the maintenance function,




because it simplifies the complex structure of specialty

code manning. Because of the simplification, universal main-
tenance men are also used in smaller models, such as Holck
and Ticknor's thesis effort, modeling the reinforcement of
Europe (Ref 8). However, Holck and ?icknor noted that only
65 percent of their maintenance force was ever used at one
time, so there were never any delays due to maintenance man-
ning. They hypothesized that this did not represent reality
and suggested that further work be done in the analysis of

the maintenance area (Ref 8:78).

Implicit Assumptions

The use of unlversal malntenance men implies several
assumptions concerning the nature of the airlift system. On
face value, 1t assumes that any maintenance man can fix any
discrepancy on an alrcraft. With the complexity of modern
alrcraft, and by the very nature of the speclalized training
given to the maintenance force, this assumption cannot repre-
sent reality. To be acceptable, the use of unlversal malnte-
nance men must make some other implicit assumptions. First,
it assumes that the total number of discrepancies will always
be distributed among the alrcraft subsystems in exact propor-

tion to the percentage of the maintenance force that 1s cap-

able of fixing those subsystems. For example, if filve percent

of the malntenance force consists of the techniclans that
spcilalize in radar, for any given perlod of time, exactly

five percent of all maintenance discrepancles will have to
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be on radars. Under thils assumptlon, no aircraft can be
delayed due to lack of mailntenance personnel, until the entire
maintenance force is busy.

The second implicit assumption, stemming from the fact
that there will be no delays until the entire maintenance
force 1is busy, 1is that a very high percentage of the mainte-
nance force will be used. The only effect that malntenance
manning could have, in a simulation of strategic airlift cap-
abllity, 1s to cause delays while aircraft wait for mainte-
nance men. Thus, 1f maintenance manning is modeled, delays
must be expected. Since those delays only occur after 100
percent utilization of the maintenance force, that high rate

of utilization must be expected.

Problem Statement

The implicit assumptions assoclated with the use of
universal maintenance men do not seem to be realistic. Maln-
tenance discrepancies are not likely to occur in exact pro-
portion to the manning levels of the appropriate maintenance
speclalists. Additionally, it may not be possible to obtain
100 percent utillization of the malntenance force. If these
assumptions are not valid, the results from a simulation that
employs universal maintenance men, as Holck and Ticknor sug-
gested, may not be representative of the actual malntenance
system. Similarly, the effect of maintenance manning on stra-

teglc airlift capablility may also be misinterpreted.
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Purpose and Objectives

The purpcse of thils thesis 1s to test the implicit
assumptions of the universal maintenance man concept and to
determine the usefulness of the application of universal
maintenance men in simulations of strategic airlift capabll-
ity. In order to accomplish thls purpose, the following
objectives were established:

1. Develop a realistic model of the maintenance
system, with emphasls on a detalled manning
structure.

2. Determine whether maintenance discrepancles
among subsystems occur in proportion to the
numbers of speclalists capable of repairing
them.

3. Determine whether 100 percent utilization of
the maintenance force 1s feasilble.

L, Determine whether malntenance manning has a

significant effect on alrlift capability.

Scope and Limitations

This study deals exclusively with the issue of main-
tenance manning within a simulation of strategic alrlift cap-
abllity. This model is based on detailed modeling of main-
tenance manning, rather than the use of universal malntenance
men, and 1is intended only to show the differences in the two
approaches. The results of this study or the mathematical

methods of modeling this system may not be applicable to
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other types of alrcraft or other roles., Also, the data, used
in this study, was collected during peacetime and may not be
i representative of the actual wartime figures. However, the

general relationships, with which this thesils deals, should

apply to both scenarios. Filnally, the model developed in this
g thesls 1s tallored for inclusion in a simulation of a partic-
; . ular wartime scenario, and it may require expansion or spe-

; ciflc talloring to other scenarios.

Methodology

The first objectlive of thils thesis 1s the development
of a credlible model of the mailntenance system. The model
must reflect the procesges and interactions that occur be-
tween maintenance discrepanciles and the maintenance force in

the actual system. Stochastlec variables, such as the number

of dlscrepancies observed, the probabllity of requiring off-

base supply, the duration of repair times, and the probabil-
ity of requiring certain speclalists, make an analytical
approach difficult. Alternately, simulation offers a meth-
odology that handles stochastic variables, allows experimen-
tation with a system that 1s too complex for direct experi-
mentation, and serves as a tool for the analysls of the be-
{ havior of a system (Ref 20:10,11). Therefore, this study
employs a simulation model as the primary tool for investi-

gation of the maintenance system.

The methodology for the development of a simulation

model 1s encompassed in the systems sclence paradigm
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(Ref 19:295), and the format of this study parallels that
paradigm. The first step in the paradigm 1s to conceptualize
the logic of the interactions of the elements of the system
(Ref 19:288). This conceptualization requires an understﬁnd-
ing of the system and how 1t operates, both internally and
with 1its environment. The second step, analysis and measure-
ment, requires the quantification of the interactive processes
and the means of measurement (Ref 19:299-301). This portion
includes the analysls of input data and the development of a
mathematical model of the system. Finally, the third step
involves the conversion of the mathematical model into a com-
puter model (Ref 19:302). Again, the computerization process
must retain the loglc of the flow through the system, as con-
ceptualized in the first step.

This three-step process for development of the simu-
lation model is also iterative, in that analysis of the com-
puter model often leads to reconceptualization of the system,
and the process starts over (Ref 19:302). The three steps,
presented in Chapters III, IV, and V, represent the final
iteration of the paradigm in this study of the maintenance
system. Together, they form the process by which a represen-
tative computer model of the maintenance system was developed.
However, a model 1s of no use unless its valldity can be
established. Since validation 1s part of each step in devel-
opment of the model, the approach to validation 1s discussed

in Chapter II, prior to the development of the model. With




thls representative model, the analysis requlired to meet the
other objectives of this thesis was accomplished.

Determining the validity of the assumptlions of the
universal malntenance man concept requires analysis of the
internal behavior of the maintenance system. Likewlse, deter-
mining the significance of maintenance manning requires an
analysis of the maintenance system in operation, inside the
larger alrlift system. The role of experimental design 1is to
plan both the form of the computer model, for partial anal-
ysls of the behavior of the system, and the final strategic
and tactical plans for execution of an experiment (Ref 20:
149). The experimental deéign for this theslis accomplishes
both of these. The model was designed to produce useable
statistics on the utilization of the maintenance force, and
the experiments were designed specifically to test the levels
of manning utilization and the significance of malntenance
manning on the airlift system. Finally, the Statlstical
Package for the Soclal Sciences (SPSS) (Ref 14) was used to
do the statistical analysis of the results of those experi-

ments.

Overview

The remainder of this thesis detalls the process by
which the study was conducted, presents the findings, and
lists the conclusions and recommendations. Chapter II ex-
plains the validation process and the particular methods of

validation used in this study. As previously mentioned,




Chapters III, IV, and V represent the process of developing

the simulation model. Chapter III presents the maintenance
system and conceptualizes the processes within the system. i
Chapter IV details the methods used to develop a mathemati-

cal model of the system and determine its inputs. Finally,
Chapter V shows the computerization of the mathematical model
and the verification of the computer model. Chapter VI ex-
plains the experimental design used to analyze the mainte-

nance system and discusses the results of those experiments.

Chapter VII lists the conclusions and recommendations for

both application of these results and further research.
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IT Validation

Introduction

If a simulation model 1is to be used as a tool for the
investigation of a system, as 1s the case 1n this thesis, the
validity of that tool must be established. Although the def-
inition of validation is somewhat elusive, most authors in-
clude three concepts in thelr definitions. First, the pur-
pose of the model must be accomplished. Second, the fact
that any inferences drawn from the model are applicable to
the actual system must be established. Last, but most impor-
tant, validation 1s a process of building confidence in the
model and its 6utputs. Naturally, since thils 1s a continuing
process, we can never attaln absolute validity (Ref 17).
Because valldation encompasses the entlre process of modeling,
this chapter on validation 1s presented to explain the vali-
dation methods in this thesis, prior to the chapters on model

development.

Current Philosophy

The process orlentation of validation 1s supported by
the general acceptance of Naylor and Finger's multi-stage
approach to validation (Ref 13:B=92).: In order to build con-
fidence in the model, throughout the simulation process, the
idea of looking back, after the simulatlon 1s finished, to
try to valldate what was done, must be discarded. Averill

Law suggests that model development and valldation must be

10




done hand in hand, throughout the course of the simulation
study (Ref 10:338). Additionally, Sargent (Ref 17) and Van
Horn (Ref 25) agree that documentation, throughout the study,
is the key to confidence bullding.

The multi-stage approach encompasses all three of the
underlying philosophies of validation. The rationalist view,

based on synthetlic a priori or unquestionable truths, suggests

that the validity of a model is based on the unquestionable
system of loglc inherent in the model. The empiricist sug-
gests that all assumptions and hypotheses must be empirically
verified, and positive economics malntains that the output,
or predictive ability of the model, is all important (Ref 13:
B-93 to B-95 and 20:212-214). Combining all of these, the
most rigorous method of validation includes demonstration of
clear logic underlying the model and its assumptions, mathe-
ﬁatical verification of all inputs and processes within the
model, and comparison of outputs with the actual system.
Thus, validation begins with the conceptual stage of devel-
opment and continues through the entire process of model
bullding.

Complete validation, as described above, should be a
goal of any study, however, not all models can be completely
valldated. Note that complete validation does not 1infer
absolute validity, but only the completion of all the phases
of the validatlon process. If the system belng modeled 1is

only a proposed system, or the scenario being modeled is

11




expected in the future, no actual system outputs are avail-
able for comparison to model outputs. Positive economics

implies that thils sltuation cannot be validated, but a multi-

stage approach still leaves two stages for partilial validation.

If the logic of the model and mathematical processes are
shown to be valid, confidence in the model 1s increased and

a higher level of valldity is achieved.

Methods Used

The model, developed in this thesis, simulates a
large and complex system that 1s not amenable to direct ex-
perimentation. Additionally, only a portion of the actual
system 1s directly incorporated into the model. Also, to
experiment with the model, 1t is included in a simulation
of a future scenario. For these reasons, comparison of model
outputs to actual system outputs is not feasible. Therefore,
validation of this model relles heavily on the acceptance of
its loglc and the verification of 1ts inputs. Additionally,
the primary purpose of this model 1s to investigate the na-
ture of the processes that occur within the maintenance sys-
tem, and not to observe specific output data. Since valida-
tion applies only to the intended purpose of the model, the
emphasis of validation 1s placed on the proper representation
of those inner processes in this model.

Since the validity of this model depends on the
acceptablility of its loglc and inputs, every effort has been

made to explain each step of model development in detaill.

12
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The logic employed has been kept as straightforward as pos-
sible, while allowing encugh detail and complexity to capture
the true nature of the system. The 1initial test of the
validity of this loglic 1is its acceptance by Llieutenant Colonel
Thomas C. Clark, the advisor for this theslis. His extensive
experience, in both simulation modeling and the alrcraft
maintenance fleld, provides the basls for an expert judgement
of thils modeling effort. The final judgement, of course, 1is
left to the individual reader of this thesis.

The inputs and mathematical processes, developed 1n
Chapter IV, have been individually validated as much as pos-
sible. Where applicable, previous validation of individual
inputs 1s cited. Statistical methods and justification for
these methods are explained, and references are given for
each method. No credit is taken for an exhaustive study of
each input; héwever, the limitations and additional consid-
erations are discussed for each input. Also, the possible
effect of these limlitations, on the results of thls study,
are consldered.

Besides the steps described above, additional confi-
dence can be gained by ensuring that the loglc, developed
in Chapters III and IV, 1s properly translated into the
computer program, and the program runs as expected (Ref 7:
12-19). This process 1s commonly referred to as the verifi-
cation of the model, and the verification procedures are dis-~

cussed at the end of Chapter V. Taken as a whole, the

13
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validatlon attempts should support the validity of this model

for its intended purpose.
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III Conceptualization

Introduction

In order to accurately model any system, the nature
of the system must be understood, and the interactions of
that system with 1ts environment must be analyzed. This con-
ceptualization process begins at a highly abstract level and
incrementally decreases in abstraction as detalls are added
to the conceptual model (Ref 19:290). The approach taken
here follows the same pattern. The maintenance system is
analyzed and a conceptual model is developed 1n an increas-

ingly complex form.

Maintenance System

The maintenance system 1is actually a subset of the
complete alrlift system, and it acts as an input-output sys-
tem. In the ﬁost basic form, maintenance can be considered
a black box that gets an input from the airlift system. This
input 1s an aircraft that has completed a sortie and, in the
process, may have generated some maintenance discrepancles.
The black box holds the alrcraft for a given period of time
and then returns the alrecraft to the airlift system when the
discrepancies are fixed (see Figure 1). If the time delay,
while in maintenance, could be determined without any more
detall than this, modeling this system would be a simple
matter of determining the longest repalr time for any dis-

crepancy. However, there are several limiting factors not

15




| Aircraft in Alrcraft out
NMAINTENANCE >

|
| AIRLIFT SYSTEM |
I
I

Fig 1. Black Box Model of Maintenance

yet accounted for. Of particular interest, in this study,
1s the possibility that the aircraft may incur additional

walting time due to a lack of qualified maintenance personnel.

Additional Factors

If the avallability of maintenance personnel 1s con-
sidered, spare parts must also be included. The availabillity
of spare parts determines whether persconnel remain at work,
or are released until parts can be acquired. A new logilc
flow (see Figure 2) 1s generated for this case. When an air-
craft enters maintenance, a determination of the number of
discrepanclies 1s made. If none, the alrcraft is mission-
ready and departs maintenance. If maintenance 1s required,
personnel are assigned to begin work on the discrepancies.

If spare parts are required and are immediately available,
or, 1f no parts are required, work continues until the air-.
cralft i1s fixed. If parts are required, but are not availlable,

the parts are ordered and the personnel freed until the parts

16
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A/C Complete Mission

Mx Input

No

Requ{re MX?

Yes
i Personnel Avail? _I\_I&_’ Wa’t
Yes

# Mx Begins

o e

Spare Parts Req?
Yes
Parts on Base? Ies
! - No
i Release Personnel Obtain Parts
|
! Order Parts
; * Repalr Complete
Wa:.t l
Mx Output

A/C Mission Ready

Fig 2. Maintenance Logic Structure

17




R o S —— 7= e —————

arrive. At that time, personnel are agaln allocated to the
ailrcraft to finish the Jjob.

This 1s the level of conceptualization that the uni-
versal maintenance men are used. One resource, consisting of
all maintenance men, 1s used, with no differentiation of spe-
cialty skills. Additionally, at this level, many other fac-
tors are assumed to be insignificant. The avallability of
maintenance facilities and weather are two examples that have

some 1lmpact on the amount of time spent 1n maintenance. How-

ever, in keeping with the 1ldea that a model should be designed
around the questions to be answered rather than imitate the
real system exactly (Ref 20:27), these factors can be dis-
counted. Without facilltles and with inclement weather, the
Jobs could still be accomplished, perhaps requiring more time
f than normal. Since the emphasls of thils study 1s not to
determine exaét maintenance times, but to lnvestigate the
effects of manning on that time, the inclusion of these fac-

tors would complicate the model unnecessarily.

Causal Structure

At this point, the conceptual model is still relatively

of those alrcraft, increases, more maintenance discrepancies
are encountered. These discrepancies require more personnel

and spare parts, and either of these can become a limiting

I
|
l
B simple. As the number of alrcraft, or the utilization rate
!
i
!
{

factor. If the spare parts are depleted, alrcraft must walt

until parts are made available from off-base sources. If

; |




the number of personnel avallable is exceeded, alrcraft must

walt for other work to be completed and personnel freed. The
end result of either of these circumstances 1s extended time
in malntenance and a decrease 1in aircraft utilization. Thus,
maintenance acts as a self-regulating feedback loop (Ref 20:
63). The effect of this loop, on the alrlift system, is to

control the number of alrcraft flying in the system.

Subsystems and Specialty Codes

In order to analyze the distribution of maintenance
requirements among the specialists, one more level of com-
plexity must be added to the conceptual model. In the actual
maintenance system, the maintenance force is divided into
groups of speclalists that receive technical training in the
maintenance of particular types of equipment. These groups
are designated by Alr Force Specialty Codes(AFSCs) (Ref 2)
and are essentially non-interchangeable. Thus, there are
actually a group of AFSCs, each of which could be a limiting
factor. Additionally, each subsystem on an aircraft can
require a different AFSC or combination of AFSCs for repair.
For example, a discrepancy in the landing gear subsystem can
require specialists 1n electrical systems, hydraulics, pneu-
matics, or the physical hardware of the gear 1ltself.

At this level of complexity, an incoming aircraft
can be depicted as a simultaneous 1lnput of several subsystems
to the maintenance function (see Figure 3). Each of these

subsystems goes through a separate process, using the loglc
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shown in Figure 2, where they compete for the personnel from
the appropriate AFSCs. After all of the subsystems have com-
pleted thelr maintenance, the alrcraft 1s aggregated as a
whole entity and output from the malntenance function.

Finally, at thls level of complexity, the proportion
of discrepancies requiring each maintenance speciallst can be
observed, so the assumptions of the universal maintenance man
concept can be tested. Therefore, no further conceptualization
is necessary, and the logic depicted in Figure 3 will be the

logic that 1s passed to the next phase for analysis and mea-

surement.




IV Analysis and Measurement

Introductlon

Once the loglic of the conceptual model has been devel-
oped, that logic must be converted to a mathematical model
which can be computerlized. 1In order to develop the mathemati-
cal model, each element and process in the conceptual model
must be quantified. This chapter deals with the analysis of
those elements and processes and the methods used to quantify
them. From Figure 3 in Chapter III, the loglc of the concep-
tual model requlires a determination of:

1. Which subsystem must be included in the model?

2. How many discrepancies will be encountered by

each subsystem?

3. Which APSCs are required to repalr those dis-

crepancles?

4, How long does that repair take?

5. Are spare parts required for each discrepancy?

6. What delay, if any, will be incurred while wait-

ing for spare parts?

The answers to some of these questions are dependent
on the scenario for which the model will be used. For
instance, the difference between normal operations and a war-
time scenario might make a large difference in the number of
subsystems required. In wartime, only the critical subsystems
that might prevent safe flight would have to be repalred.

Because of this scenarlo dependence, the model will be
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developed for a particular scenario. Holck and Ticknor's
simulation of the reinforcement of Europe (Ref 8) was chosen
as an example of the use of the maintenance model developed

in this thesis. The reasons for thils choice will be explained
in Chapter VI, but any simulation of airlift capability could
use thls approach to modeling the maintenance area.

Holck and Ticknor simulated a wartime scenario, using
aggregate bases. Thus, the model, as developed in this
thesls, will reflect that scenario. Only certain subsystems
will be consldered, and the entire maintenance force will be
modeled as if it was positloned at one aggregate base where
maintenance takes place. As will be seen in Chapter VII, this
limited applicatlon did not prevent the model from showing the
processes of interest in this thesls. The remainder of this
section willl detall the methods used to quantify each of the

questions pre#iously listed.

Determination of Discrepancies Encountered

As previously mentlioned, most simulations use univer-
sal maintenance men, so there has been no reason to differen-
tiate between dlscrepancles encountered in different subsys-
tems. Thus, no distributions of maintenance discrepancies
were avalilable, at.the subsystem level. However, Colonel

Christopher Shaw, Chief of the Mobility Branch, Studies and

Analysis, Headquarters USAF, has derived a set of equations
to gilve the expected number of failures for each subsystem

(Ref 21). His research will be discussed, followed by the
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method used to convert Lis expected fallures to the actual
number of failures encountered.

Colonel Shaw's research was done, primarily, to deter-
mine the number of spare parts required to support the air-
1ift fleet. His data deals exclusively with maintenance ac-
tions that require removal and replacement of a part, or
removal, repalr, and replacement. These actlions represent
the major part of the time consuming maintenance jobs, and
they 1nclude all of the jobs that require spare parts. Thus,
his data appears to be applicable to the purpose of this
model.

Most simulations use a constant number of maintenance
actions per flying hour, but thls infers that there is a
linear relatiqnship between length of time flown and the num-
ber of maintenance discrepancies (see Figure 4). In other

words, given a constant failure rate per flying hour, three

]
Failures @ Failures e <
Per s s ———
Hour Implies , //
7
4
— >
Hours Flown Hours Flown

Fig 4. 1Inference of Linearity




times as many discrepancies can be expected on a three hour

flight as a one hour flight. This does not appear to fit

reality, since most crewmembers will hypothesize that the

majorlty of failures occur during the takeoff or landing

phases of flight, and relatively few faillures occur during

crulse.

Colonel Shaw hypothesizes that most failures are cycle

related because of thermal stress. As equlpment 1s turned

on and off, the associated heating and cooling 1s responsible

for failures.

Also, cycling of systems, such as the landing

gear and flaps, puts stress on the individual parts and re-

sults in their failure. Conversely, during crulse, termpera-

tures are relatively constant and systems like the gear and

flaps are not being cycled.

As a result, there is a much

lower fallure rate during the cruise phase than in the high

stress phases of takeoff and landing (Ref 21). Thus, a long

sortie that spends many hours at cruise would experience less

failures per hour than a short sortie (see Figure 5).

Failures
Per
Hour

1
\
‘\ @ Fallures
\ Implies
~ 7/

‘-‘-- 7/

Hours Flown Hours Flown

Fig 5. Non-Linear Hypothesis
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To validate his hypothesls, Colonel Shaw was the
study director for Saber Sustainer, a study of the relation-
ship between fallure rates and length of sortles. The study
concentrated on majJor subsystems of many different alrcraft,
including the C-5. The results for the C-5 were representa-
tive of all the aircraft and will be presented as an example
of a strategic airlift ailrcraft. A basellne of 12.5 hours
per day utilization rate was established and sortie lengths
of 5 and 10 hours were investigated. The results were very

much as Shaw predicted:

5 hour sortie = 23.3 faillures per day
10 hour sortle = 1l4.3 faillures per day
OR

2 times sortie length = 39% fewer fallures per day

In addition, épproximately 75% of all failures occur during
takeoff and landing (Ref 22). Not surprisingly, this led to
a graph of failures per flight hour against sortie length
(see Figure 6) that 1s very similar to the hypothesized non-
linear model.

The end result of Shaw's study was to derive a simple
equation for the expected number of fallures which reflected
the non~linear nature of the failure rate. Since all sorties
experience the high falilure rates of takeoff and landing,
those portions of the flight could be approximated by a con-

stant expected number of fallures. Then, the remaining
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portion of the flight could be approximated by the relatively
constant rate of fallure at crulse. Using regression analy-
sis, Shaw derived the expected number of fallures, as a func-

tion of sortie length, in the familiar form (Ref 21):

Y= A+ BX

where,

Y = Expected number of faillures

A = Constant due to start and stop
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AdJjusted fallure rate

X Sortle length in hours

The accuracy of these equations was tested by direct
data gathering in the fleld. Selected alrcraft were followed
and specific maintenance discrepancies were tabulated. The
results showed an excellent correlation between fallures pre-
dicted by the equations and those actually encountered (Ref
22). Thus, Shaw's non-linear hypothesis was supported by the
Saber Sustalner Study, and his resulting equations appear to
be consistent.

For the purpose of this thesis, Shaw's study results
in a table of parameters, by aircraft type, which can be
inserted into the equation previously given. Table I lists
the parameters for the C-5, and Table Ii lists the parameters
for the C-141. In both tables, parameters are listed for
each major suﬁsystem, and the two-digit Work Unit Codes (WUC)
(Ref 23 and 24) that identify those subsystems are shown.
With these parameters and the sortie length, the expected
number of failures in any subsystem can be determined. How-
ever, this expected number of fallures 1s an average number
that could be expected over a series of flights of the same
sortie length, and 1s usually a non-integer number.

In this model, the actual number of discrepancles
encountered, for any given subsystem, must be an integer num-
ber. In the actual system, 1t 1s impossible to see one and

a half fallures in a subsystem. For this reason, an
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TABLE I

Shaw's Parameters for the C-5

: WucC Subsystem A B
é 11 Alrframe .373 .012
g 12 Cockplt & Fuselage .194 .028
é 13 Landing Gear .61l .035
8 ; 14 Flight Controls 074 .018 i
g ' 23 TF-39 Turbofan Engine .253 .096
| 2 Auxiliary Power Plant .064 .018
41 Air Conditioning & Press. .080 . 027
y2 Electrical Power Supply .118 .030
by Lighting System L7171 .375
45 Hydraulics and Pneumatics .151 .048
] 46 Fuel System (111 .012
g L7 Oxygen System 041 . 065
| ug Misc. Utilitiles 061 .020
f 51 Instruments <122 .0l49
52 Autopilot 067 .035
55 Malfunction Analysis Equip. 262 .085
61 HF Communications .013 .021
; 63 UHF Communications .024 .004
64 Interphone .016 .010
65 IFF .003 .004
71 Radio Navigation - .060 .016
E ' 72 Radar Navigation .138 .063
!
! 29




TABLE II

Shaw's Parameters for the C-141

WUC Subsystem A B
11 Airframe .0336 .0604
12 Fuselage Compartments L0443 .0451
13 Landing Gear L0317 .0508
14 Flight Controls .0129 .0278
23 TF-33 Engine .0524 L0772
24 Auxlliary Power Plant .0048 .0051
41 Air Conditioning-Press. .0106 .0190
42 Electrical Power Supply . 0065 .0070
uy Lighting Systems .0288 .0334
45 Hydraullc Power Supply . 0097 .0292
u6 Fuel System .0120 .0080
ug Misc. -Utillties .0092 .0120
51 Instruments .0218 .0181
52 Automatic Flight Controls .0276 .0253
62 VHF Communications .0050 .0051
63 UHF Communications .0180 .0033
64 Interphone . 0007 .0152
65 IFF .0021 .00l9
71 Radio Navigation Systems .0U86 .0135
72 Radar Navigation Systems .0709 .0266
73 Station Keeping (INS) .0138 .0120
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é extension to Shaw's work had to be made. Since time to fail-
l ure of individual parts 1s often exponentially distributed

| (Ref 12:8), the numbers of fallures would be expected to be
Poisson distributed (Ref 16:31). Therefore, the actual number
of discrepancies encountered should be Poisson distributed,
with the mean of the distribution given by Shaw's equation.
This assumption does not invalidate the regression procedure,
since a normal distribution of the errors is not required

to estimate the regression line (Ref 26:282-285). Thus, the
number of discrepancles for any glven subsystem 1s obtained
as a random variate from a Poisson distribution. The mean of
that distributlon 1s equal to the expected number of discrep-
ancies from Shaw's equation. An example of thils process 1s

shown in Figure 7.

Assume: X = Sortle Length = 10 hours
Subsystem = TF-39 Engine
Aircraft = C-
From Table I: A= .253
B = .096

Calculation of Expected Number of Discrepancies (Y):

i
|
|
|
i
|

= A + BX
= ,253 + ,096(10)
Y= 1,213

Y
Y
Actual Number of Discrepancies =

Random Variate Drawn From a Poisson Distribution
With a Mean of 1.213.

Actual Number = 2

Fig 7. Calculation of Number of Discrepancles
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Subsystems in the Model

Since thils model is designed for strateglc airlift,
only the C-5 and C-141 aircraft are considered. Also, the
use of this model would primarily be in a simulation to de-
termine alrlift capability under some wartime scenario.

Therefore, only those subsystems likely to include 1items on
the wartime Minimum Essential Subsystems List (MESL) are con-
sldered. Of those, only the subsystems with relatively high
probabllities of failure, as determined from Shaw's equations,
were 1included in the model. The subsystems used in the model
are shown in Table III, wilth the two-digit work unit code

that ildentifies each system (Ref 23 and 24).

TABLE III
Subsystems Included 1n the Model

Work Unit Code Subsystem

! 1. 11 (both A/C) Airframe

i 2. 13 (both A/C) Landing Gear

: 3. 14 (pboth A/C) Flight Controls

' 4., 23 (both A/C) Engine

; 5. U2 (both A/C) Electrical System

i 6. 45 (both A/C) Hydraulics

| 7. 46 (voth A/C) Fuel System

; 8. 51 (both A/C) Instruments

; 9. 72 (both A/C) Radar

; 10. 55 (C-5) Malfunction Analysis

(C-141)

73 Inertial Navigation
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Repalr Times

Most simulations use a single distribution from which
they draw all timgs to repair. Because there may be signifi-
cant differences between subsystems, an attempt was made to
estimate the distributions for each subsystem in the model.

A data base, separable by distinet subsystem, was required
to e;timate these distributlons. 1Inltlally the latest six-
month maintenance data tapes from Charleston (C-1l41s) and
Dover (C~5s) were requested from MAC Headquarters. These
tapes report the maintenance actions as individual observa-
tions, and represent the raw, non-aggregated data required
to accurately determine the distributions. Unfortunately,
due to tape drive problems, those tapes were not available.

As a secondary source, Mr. Charles Begin, ASD/ENESA,
was contacted, and he provided data tapes (Ref 4) that had
been acquired from MAC earlier. One tape covered the period,
January-June 1980, for Dover AFB. It represented 2,214
sorties and 11,652 flying hours for the C-5. The other tape
covered the period, July 1979-June 1980, for Charleston AFB.
It represented 17,953 sorties and 62,773 flying hours for
the C-141., These tapes are base-level, raw maintenance data,
as expected. However, the sheer size of the maintenance data
file, 1200 record blocks for one tape, represented a major
obstacle to useful manipulation. Additionally, the mainte-
nance reporting procedures make the data difficult to use.

Discontinuities in time reporting, unfinished transactions,
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and multiple inputs for a single discrepancy are only a few

of the inherent problems.

In order to get useful information from the tapes,

a different version of the basic data tapes was used, the A-1
tape. The A-1 is a condensed version of the raw data tapes
that has been organized by sorting the raw data tapes with
the Consolldated Data Extraction Program (CDEP). The CDEP
converts the codes on the data tapes to standard AFSCs and
sorts the records by aircraft type. On a second pass through
the data, 1t consolidates Information to eliminate multiple
records on the same Job control number. This combines off-
equipment maintenance with on-equipment removals, compacts
times for overlapping or discontinuous work when several
AFSCs are working the same Job, and adjusts the crew size

for overlapping times worked by different crews. On the
third pass, the déta is arranged by work unit code numbers,
formatted in a Job-by-job analysis, and any entries that re-
quired the same combination of AFSCs to work on a subsystem
are aggregated to provide an average time and crew size for
that type of entry (Ref 3).

The A-1 tape 1s formatted for easy access to infor-
mation. Its principle benefit 1is that all Jobs are reported
as continuous actions, with all unnecessary delays and discon-
tinuities eliminated. Also, multiple entries are combined
and listed as multiple AFSCs working on the same Job. Unfor-

tunately, the aggregation of all jobs using the same AFSCs

34
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tends to obscure the nature of the underlying distribution
of repair times. This aggregation lumps groups of data points
at their mean value and reports "X" number of occurrences of
the same maintenance time. The result of this grouping is
an inability to test the data against speciflic distributions.
Statistical tests, such as the Chi-Square test, rely on rela-
tive frequencies of occurrences to test distributions (Ref
15:70), but the grouping of data polnts 1n the A-1 tape de-
stroys those relatlve frequencies. Therefore, some other
method of estimating the distributions had to be used.

In Techniques for Efficient Monte Carlo Simulation,

the Defense Technical Information Center (DTIC) document on
the selection of probability distributions (Ref 12:7), equal
emphasis is placed on quantitative and qualitative informa-
tion. The qualitative aspect includes the extent of a priori
knowledge about the process under conslderation. In that
same document, the authors state that maintainability theory
provides a strong llkelihood that repalr times would be log-
normal or gamma distributed (Ref 12:8). To support this hy-
pothesis, a graphical analysis of the characteristic shapes
of the distribution of maintenance times was performed. The
observations for each subsystem were input to the Statisti-
cal Package for the Soclal Sciences (SPSS) Subprogram Fre-
quencies (Ref 14:194), to get a plot of the frequency distri-
bution in a histogram. Two representative plots of these

frequencies are shown in Figures 8 and 9. Work Unit Code
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Fig 8. Frequencies of Repair Times, WUC 14
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(WUC) 23, in Figure 8, represents the time to repair engine
malfunctions for C-5s, and it displays the typical shape that
could be either gamma or lognormal. WUC 11, in Figure 9,
represents C-5 airframe repair times, and it appears to
approach an exponential curve, a special case of the gamma.
Since the gamma distribution is more flexible, using shape
parameters, 1t was selected as the representative distribution.
The mean and varlance of the sample data were used
as estimates for the mean and varlance of the underlying dis-
tributions, and the following equatlions were used to estimate

the gamma parameters (Ref 26:132):

u = aB and g% = gg?

Thus, each subsystem has 1ts own distribution of repair times.
All are gamma distributed, but the shape parameters are dif-
ferent for each subsystem. These are only estimates of the
repalr time distributions, based on estimates from the re-
ported data and established knowledge of malntalnabllity
theory. However, they should be more representative of actual
repair times than drawing from a single tabular distribution

of historical repair times.

Specialty Codes Required

The A-1 data tapes (Ref U4) gave an excellent descrip-
tion of the AFSCs required for repalir of each subsystem. A
program was written to extract, by aircraft and subsystem, all

of the APSCs that had worked on each particular subsystem.
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Also, the total number of times that each AFSC was required,

divided by the total of all jobs on that subsystem, yielded
the percentage of Jjobs that required each AFSC. The listing
of the subsystems and required AFSCs, plus the percentage of
Jobs that required those AFSCs, 1s falirly extensive.

By disregarding any AFSC that did not account for at
least U4.9 percent of the total jobs, only thirteen AFSCs
were represented. The reason for dropping the lower percent-

age AFSCs 1s obvious. If they are only used to that small a

degree, there 1s almost no chance that they could be a limit-
ing factor in the manning scheme. Those AFSCs will not be
modeled, but the Jjobs willl be accomplished, as 1f there were
an infinite number of those maintenance men available. Like- ﬁ

wise, the U31P2 and 431X2 AFSCs were dropped from the model

because their manning levels were so high, they could allocate
a maintenance team to every aircraft in the MAC fleet. Also,
these AFSCs are the flight line crew chiefs and the 1lsochronal
dock general aircraft malntenance men. Thelr specialties do
not represent the specific type of maintenance of interest
in this study, since they do very general maintenance tasks.
With the exclusion of these AFSCs only eleven AFSCs
were of interest in the model. The percentage of total Jobs,

on each subsystem, requiring each AFSC 1s depicted in Table

IV. These percentages do not add to 100 percent for each

subsystem because of the jJobs that will be done by AFSCs not

modeled. Once the type of maintenance specialties requiread
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was determined, the next step was to determine the number of
effective malntenance teams in each of those speclalties.

Senior Master Sergeant George Scarborough (Ref 18)
obtalned all of the manning data used here. He has extensive
experience working with the Logistics Composite Model (LCOM),
and he has recently been working with the M-14 simulation.
All of the figures, quoted here, are used as standard inputs
to LCOM or are standard Air Force planning factors. As a
baseline figure, the current manning authorizations for each
AFSC were used. Throughout maintenance, only 75 to 80 per-
cent of the authorized slots are currently manned. Optimis-
tically, this study assumes that 80 percent of the authoriza-
tions are manned.

In order to use the manning in the model, the manning
figures had to be converted to effective maintenance teams.
The Air Force Maintenance and Supply Management Engineering
Team estimates that 82 percent of avallable man-hours are
effective, so this model used 82 percent of the available
manning as productive manning. Then, the productive manning
levels were divided Into two shifts, and further divided into
2.5 men teams. The team size 1s an average of all the teams
represented on the A-1 data tape. The final figure repre-
sents the number of effective teams that will be available
at any given time. Table V shows the numbers and process

used in deriving these teams.
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AFSC
431R2
431W2
423X0
423%4
426X2
423X1
423X3
325X1
325X0
328X1
328X4

TABLE V

Conversion of Manning Slots to Effective Teams

Auth.
Slots

564
140
329
438
1471
347
215
341
283
372
275

(slots)

Manned

Slots

451
112
263
350
1177
278
172
273
226
298
220

(x.8)

Prod. Men/
Slots Shift
370 185
- 92 46
216 108
287 143
965 u82
228 114
141 70
224 112
186 93
244 122
180 90
(x.82) (x.5)

42
e

Teams

T4
18
43
57
193
46
28
us
37
49
36

(x.4)
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Supply Requirements

Unlike the number of dlscrepancies and repalr times,
the time required for off-base supply has been 1lnvestigated
previously. Holck and Ticknor used data, supplied by MAC,
to derive a tabular distribution for supply times (Ref 8:38).
This is a single distrilbution for all spare parts, and 1t
may or may not be accurate for a detalled study of the supply
function. However, thils study concentrates solely on the
effects of manning. Since the probability of requiring spare
parts, and the assoclated supply delay time, determine whether
the maintenance men can complete a Job or have to walt for
the spare parts to arrive, this distribution directly affects
the pattern of manning utilization.

As will be discussed in detail in the experimental
design section, this maintenance model is substituted into
Holck and Ticknor's simulation, and manning is tested for
1ts effect on the overall airlift system. If the supply dis-
tribution 1s also changed, the effect of different manning
levels would be confounded with the effect of a different
supply distribution. Conversely, if the supply distribution
is not changed, any difference in the significance of manning
would be directly attributable to the manning model. There-
fore, this model will use the same distribution of supply

times as Holck and Ticknor used.

Summary
This chapter identified the elements of the conceptual
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model that required quantification, so that a mathematical
model of the maintenance system could be developed. The re-
quirement to model at the subsystem and dlscrete AFSC levels
prevented the use of previously derived distributions of num-
bers of discrepancies and repailr times. Shaw's equations are
used to determline the discrepancies encountered, based on
sortie length. Repalr times are drawn from distributions that
are estimated for each subsystem, Every subsystem, on each
aircraft, could be modeled in this manner, but only the ten
most critical subsystems, on the C-141 and C~5, are included
in this model. This tailors the model to a wartime scenario
and keeps the model small enough for ease of computerization,
without sacrificling the detall required for investigation of
the inner processes in the maintenance function. The malnte-
nance force was separated into effective malintenance teams
available, by AFSC, and the probabilities of using each AFSC
were estimated by analysis of historical data. Finally, the
supply requirements are modeled exactly as previously derived
in Holck and Ticknor's simulation. With a mathematical repre-
sentatlion of these elements, the model 1s ready to be com-

puterized, and that process is the subject of the next chap-

ter.
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V Computerization

Introduction

; Since mathematical notation i1s the basic language of
the computer, translating the mathematical model of the pre-
vious section into a computer-consumable product 1s the next

logical step in the simulation process (Ref 20:302). The

partlcular computer language, selected for thls translation
process, determines the ease with which the translation is
made and how well the structure and logic of the system can
; be represented in the computer program. This chapter detalls
selection of the computer language, the general approach
taken in developing the model, the specific form of the ﬁodel,
and verification of the model. As a whole, this chapter is
a descriptlion of the tool, in the form of a computer model,

used to analyze the malntenance system.

Language

A special purpose simulation language has the advan-

tage of ilncorporating the common functlons associated with
descrilbing a system. Creatlon of random numbers and vari-
ates, mechanlsms for time advancement, formatted data output,

and debugging mechanisms are only a few of the features built

e

into a speclal purpose language for ease of programming (Ref

20:107). SLAM, Simulation Language for Alternative Modeling,

(Ref 16) was chosen to model the maintenance system because

of its flexlibility and the usefulness of 1ts bullt-in functions.
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The network portion of SLAM easlly models the queuing
situation found in the allocation of maintenance resources to
aircraft. Additionally, the symbolic representations of the
SLAM network (Ref 16:130) provide a visual representation of
the logic of the flow through the malntenance system. Reli-
able random number generators support the requirement for con-
ditional branching, and verified random variate generators
can provide the repailr times. SLAM's clock mechanism can
handle either the discrete event orilentation or continuous
flow. Very importantly, the built-in statistical analysis
and output formats allow easy Interpretation of the flow pro-
cessses, one of the primary objectives of this study. Finally,

the trace option 1s an invaluable tool in the verification and

debugging processes (Ref 16).

SLAM Terminolqu

SLAM provides a framework, the network structure of
nodes and branches, for modeling the flow of entities through
a sequence of events, activities, and decisions (Ref 16).
This sectlon describes the individual network symbols used
to describe the maintenance system in this thesis. The des-
criptions are brlef and only meant to give the reader, who
may be unfamiliar with SLAM, a general understanding of the

network symbols and their functilons.

Attribute. Attributes are values assigned to indi-

vidual entities. These values are carried through the network
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to distinguish each 1ndividual entity. For example, the

time that an entity entered the network can be carried as an
attribute, often referred to as the mark time. Also, arbi-
trary numerical values can be assigned to designate an entity
as a specific type. A C-141 might arbitrarily be designated
by placing a vlue of one in an attribute, to distinguish it
from a C-5 that would have a value of two in the same attri-

bute.

Resource. Situatlions arise where an entlty requires
some item, servers or equipment, that must be carried through
a portion of the network. These 1tems are designated as re-

sources and are put into the model in limited quantities.

Activity. Activities are the actual paths over which
the entitles move. They are the only place that explicit
time delays occur, such as the time delay while maintenance
1s being accomplished. There does not have to be a time
delay associated with an actlivity, but each activity must
have a beginning and an ending node. Thus, the nodes repre-
sent a point of interest where an activity 1is starting or
has Just ended. Additionally, several activities can emanate

from a single node, representing branching. One of three

situations can be deplcted with branching. First, all branches

can be taken by duplicating the entity and routing one of the
entities along each of the branches. Second, a probability

can be assigned to each of the branches and the path of the
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entity will be determined probabilistically. Filnally, condi-

tions can be specified for each of the branches. Then, when
an entity arrives, a duplicate of the entity will take each
branch for which the condition 1s satisfied.

GOON Node. The GO ON or GOON node accomplishes no
particular functlon, other than providing a break point
between sequentlal activitles. It 1s most often used as the

point to begin branching, after some other activity.

Assign Node. The Assign node 1s used to asslgn values

to the attributes of the entity passing through the node or

£o assign values to system variables. Attributes have already
been discussed, and system variables are designated by XX(I),
where I 1s an integer. The system variables are similar to
any designated varlable in FORTRAN, but they can be used in

the network, a function, or a subroutine.

Awalt Node. Awalt nodes are used to assign resources
to the entities that pass through the node. If resources
are available, they are assigned to the entity and it con-
tinues through the network. If all resources are being used,
the entity walts at the node until resources become avail-
able. Then, the resources are assigned and the entity con-

tinues through the network.

Free Node. The free node 1is used to take resources
from an entity and make them available for assignment to the

next entity at an await node.
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Queue Node. Queue nodes represent the waiting lines
for service. Normally, an entity will enter a gueue node
and walt there until some server, in a following activity,
is avallable. However, in this model, the gueues are used
2s simple wailting lines, controlled by a match node. There

are no service activities following the queues.

Match Node. The match node controls several queues.
It follows the queues, 1n the network, and searches the enti-
ties walting in the queues for particular values of a desig-
nated attribute. When every queué that 1is controlled by the
match node has an entity with that particular value in its
designated attribute, all of those entltles are allowed to

proceed in the network.

Accumulate Node. The accumulate node releases one

entity to proceed in the network, when a prescribed number
of entities have arrived to 1t. It 1is used 1in this thesis
to combine the subsystems of an aircraft, when they are

matched by the match node, into a single aircraft.

Event Node. The event node allows the modeler to
design a function not speéifically included in any of the
other SLAM nodes. The arrival of an entity at an event
node causes subroutine EVENT to be called. This 1s a FOR-
TRAN subroutine that supplements the SLAM network by allow-
ing the modeler to include extensive mathematical equations

or perform some logic not provided by any other node. The

49

ey — e s - e e e = e A s = e = e e ieeis e e eme e

aiade e aeman .




ANEE At .

w:---III-l.l-Illll'llll.llIIIIlllIll...lll-.-...-.......-'-....

attributes of the entity can be changed in the subroutine,

and when the subroutine has run, the entity continues in the

network.

Function USERF. The USERF function 1s a user-defined

FORTRAN function. It can be called from the network or a sub-
routine, and 1t returns a single value stored in the memory
location called USERF.

These descriptlons are not complete and do not repre-
sent all of the capabilities of the SLAM network, but they
should suffice to acquaint a casual reader with the termi-
nology used in the description of the model. The full cap-
abilities of the SLAM language were not exerclsed in this
model, so only the appropriate parts were discussed. For a
more detalled explanation, the reader 1is referred to Introduc-

tion to Simulation and Slam (Ref 16).

General Approach

The flexibility of the SLAM language allows the system
to be modeled as a network, within which, the event nodes
are used to model the complex operations not provided by any
other SLAM node (Ref 16:316). Thus, determination of numbers
of discrepancies, using Shaw's equations, can take place
within an event. As mentioned before, supply times are deter-

mined in a FORTRAN function, so any other distribution could

easlly be substituted. Both of these funetions occur within
an event node so an entity leaves that single node with all

the information required in the maintenance network.
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By determining all the requirements in an event, the
rest of the network can directly model the logic of the flow
through maintenance. As will be shown, the network presents
a one~for-one matching of network portions with the logic
steps developed in the conceptual model. This approach makes
1t easier to follow the logic in the model and should lncrease
confidence in the fact that the computer model accurately
reflects the conceptual model.

As a useful tool, this model of maintenance is de-
signed to be incorporated into a larger simulation of stra-
teglc airlift, acting as an input-output system. Thus, the
basic model begins at a single node in a network, where
an airceraft arrives as the input to the maintenance model.
The output is also a single node where the mission-ready
aircraft will depart the mailntenance system. However, for
the development and initial testing of the model, an arti-
ficlal input and output were designed.

Appendix A lists the SLAM statements and FORTRAN
code that make up the actual computer model. Since the main-
tenance model 1s to be used 1in a larger simulation of the
airlift system, some of the information required by the main-
tenance model would have normally been generated in other
portions of the airlift system., A unique mark time in attri-
bute 1, a numerical designator for type of aircraft in attri-
bute 2, and the sortie lengths for the outbound and return
sorties in attributes 3 and U, respectively, are provided in

the basic model, in lines 3650 to 3730. These four pleces

51

L

dtae oaidiald anie




R ——

of information are the only requirements for processing in
the maintenance model. Additionally, an aircraft leaving
malntenance would normally return to the alrlift system,
but, In the basic model, statistics are collected and the

entity is terminated in lines 6210 to 6230.

Events

An aircraft enters the maintenance system at the node
; labeled GO1l, line 3740. The breakdown to ten separate sub-
systems (see Figure 10) is represented by routing entities
along all ten branches, lines 3750 to 3840, to the event
nodes. All ten of the events are i1dentical, except for the
parameters X1, X2, Y1, and Y2 (see Appendix A: 1lines 430-
2360). Attribute 5 1s set equal to the event number to

identify each subsystem, the parameters are set, and the

{ entity proceeds to line number 2420, where the computations

l begin. X1 and X2 are the "A" and "B" of Shaw's equations
and are used in line 2420, with the outbound sortie length,
to get the expected number of fallures on that sortie. Then,
the expected number of failures 1s used as the mean of a
Poisson distribution, line 2470, to get the actual number of
fallures. Thils process is repeated for the return sortie in
lines 2510 to 2560, to get the total number of failures in a

subsystem.

If no failures occur, attribute 3, maintenance time,

and attribute 4, supply time, are both set to zero (lines q

2600-2630). If any failures occurred, a maintenance time
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1s taken as a random variate from a gamma distribution with
parameters Y1 and Y2, at line 2700. Lines 2740-2770 adjust
that maintenance time for multiple failures. Only one main-
tenance team will be assigned to each subsystem, so more
time will be taken as the number of falled parts 1ncrease.
There 1s no data avallable for the effect of this assumption,
so the tlme increase factors are arbitrary. They represent
the assumption that troubleshooting and actual repair time
will Iincrease, as the number of falled parts increase. After
four components, any more will require negligible time, since
a large portion of the subsystem would be dismantled to re-
place four components.

If any components falled, a call is made to the supply
user function, and the supply delay is returned at line 2810.
This delay time represents the off-base supply action. Since
parts would have to be ordered and delivered, not all of the
maintenance time can be accomplished at once. Thus, if there
1s a supply delay, the maintenance time is divided in half,
line 2870. When the subsystem returns to the network por-
tion of the model, it will be assigned personnel and go
through a maintenance activity two separate times. The first
time through, half of the original maintenance time will be
spent simulating the troubleshooting and removal of the bad
part. Then the supply delay occurs, and the second time
through maintenance represents the last half of the original

maintenance time, to replace and test the part.
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Supply Function

The supply functlion, as dlscussed previously, 1is
derived from historical data. It consists of a separate,
tabular distribution for each aircraft, lines 3100-3450.
However, lines 3050 and 3060 are included as control state-
ments. On line 3050, only a fixed percentage of candidates
are glven a supply delay. This percentage 1Is set, in the
model, at 25 percent, and it represents the analyst's best
estimate of the Not Mission Capable due to Supply (NMSC)
rate. The other control feature, line 3060, allows the ana-
lyst to set a time, before which supply will not be a factor.
Thils represents the use of war reserve material, stockplled

on the base, and the analyst must estimate how long those

supplies will last. Regardless, the end result is that the
supply delay, zero or greater, 1s returned to the event that

called the user functilon.

Network
Once the entity completes an event, the subsystem has

1ts maintenance time set in attribute 3 and 1ts supply time

in attribute 4. The portion of the network, between event
node and a queue, makes the loglc decisions of the conceptual
model. As each subsystem departs its event, 1t follows one

of three paths. If there were no discrepancies, maintenance

time 1s zero, and the subsystem proceeds directly to its
appropriate queue to wait for completion of maintenance on all

ten subsystems. Otherwise, if the aircraft is a C-141, it
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goes to the first GOON node listed; and if it 1s a C-5, 1t

goes to the second GOON node (see Figure 10).

At these GOON nodes, all of the subsystems follow
the same pattern of logic, so oniy the first subsystem, that
went through Event 1, will be shown. Lines 3860-3880 of Appen-
dix A show the conditionql‘gyanching to the GOON nodes or the
queue. An expanded view of this process, for Event 1, 1is
shown in Figure 11. At GO2, a probabllistic decision deter-
mines the AFSC required to fix the discrepancy on a C-141,
The probabllitles come form Table IV in Chapter IV, and AWl
and AWY represent the awalt nodes where the AFSCs are allo-
cated to the subsystems. The branch going to G022 represents
the case when an AFSC that has not been modeled is required.
Since an infinite resource of those AFSCs 1s assumed, the
awalt nodes are bypassed and maintenance takes place on the
way to GO22. The code for these decisions is on lines 3890-
3920. Likewise, the decislons for a C-5 are represented on
lines 3930-3970.

Since all of the maintenance resource sub-networks
are exactly the same, except for the particular AFSC being
used, only the sub-network using U431R2 AFSC will be explained.
This portion of the network 1s shown in Figure 12, and it
corresponds to lines 5170-5230 in Appendix A. When any one
of the subsystems determines that 1t needs a flight controls
specialist, the subsystem 1s sent to the awalt node, AW1.

If there is a maintenance team avallable, maintenance begins
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and proceeds for the time specified in attribute 3. Then,
the team 1s freed, and if there was no supply delay, the
i subsystem goes to G022. If there waé a supply delay, the
| malntenance is only half completed. The supply delay occurs,
and supply time 1s set to zero at the assignment node, thus
preventing the subsystem from continuing in an infinite loop.
The subsystem goes back to have a maintenance team allocated
again, goes through the second half of 1ts maintenance, frees
the personnel, and goes to GO22.

All of the resource sub-networks follow the same pat-

tern; so, unless a subsystem had no malntenance and went

directly to its queue, all of them eventually get to GO022.
Figure 13 shows the possible paths to this point, for a sub-

system going through Event 1. A subsystem, arriving at GO22,

! could have come from one of the resource sub-networks or
directly from an event, if no modeled resources were needed.

i If the subsystem came from a sub-network, any supply delay will

have already been lincurred, so the subsystem 1s routed directly
to G023 (see Figure 14). If it came from an event and had a
supply delay, that delay plus the second half of its mainte-

nance are accounted for on the way to GO23. This loglc is

listed in lines 5940-5970 of Appendix A.
Departing G023, only one branch is taken, with the
conditional branching depending on the value in attribute 5.

That value was set equal to the event number, so each sub-

e e = e o o e

system arrives at its appropriate queue (lines 5980-6170).
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When all ten subsystems have completed maintenance, the match
ncde matches the mark times of the ten subsystems and sends
them to the accumulate node (line 6180). At line 6200, the
ten subsystems are reassembled into a single entlty, and the

mission-ready aircraft departs the maintenance system.

Verificatlion

The model, as represented in Appendix A, was verified
through the use of the trace option in SLAM (Ref 16:156).
The traces provide a detalled output of the step-by-step
process of running the simulation. Every possible path
through the network was followed, to ensure that the logilc
and execution were correct. The computer program does exe-
cute as the loglc was intended. All conditional branching,
matching, and accumulation work as planned. In addition,
the validity of the probabilistic branching and random variate
generators has been previously established for the SLAM pro-
gram. Thus, this model 1is an accurate translation of the

conceptual and mathematical models.

Summary
SLAM offers a simulation language that is almost

perfectly sulted to translate the mathematical model of
Chapter IV into a computer model. The program, as translated,
was presented with the coding in Appendix A and the symbols
shown throughout this chapter. As demonstrated, the symbolic

representation of the model duplicates the logic presented in
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Chapter III, and the built-in functions of SLAM allow easy

translation of the mathematlcal processes. The trace option

allows thorough testing to ensure that the program functions
as was intended. As a result, the computer model now repre~-
sents a useful tool with which to continue this study of the

maintenance system. The next chapter describes the manner

in which this tool was applied to conduct this investigation.




VI Experimental Design

Introduction

The computer model 1s a tool and nothing more. Al-
though the development of the computer model was the first
objective of thilis thesls, the other three objectives are
equally important. 1In order to test the lmplicit assumptions
of the universal malntenance man concept and determine the
significance of maintenance manning on the airlift system,

the model 1s used in place of the actual system. By experi- h

menting with the model and analyzing the results, some infer-
ences about the actual system can be drawn. This chapter
explains the design features incorporated into the computer
model to ald in investigating the assumptions of the universal
maintenance man concept, as well as the experiments designed
to test those assumptlons. Each of the last objectives of
the thesls 1s discussed, in turn. The experiments for each
objective are developed, and the results of the experiments
are analyzed. Finally, the methods of varilance reduction,

incorporated into the model, are explalned.

Proportionality

As Shannon suggests, the role of experimental design
comes into play 1in both the planning and execution stages of
model development (Ref 20:149). With a well planned idea
of the experiments to be conducted, the model can be devel-

oped specifically to output appropriate statistics and to make
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the execution of the experimental design more efficlent.
Although this chapter follows the development of the computer
model in this theslis, the experimental deslgn was an impor-
tant input 1n planning the development of the computer model.

One example of thils prior planning is the ability to
analyze the pattern of manpower utilization in maintenance.
Since the universal maintenance man concept implicitly assumes
that the manpower will be used in exact proportion to the
established manning levels of the speclalists, this assump-
tion can be tested by direct reference to utilization sta-
tistics. By modellng each AFSC as a separate resource, con-
trolled by an await node, SLAM provides statistics on the
utilization of each AFSC and any delays due to the non-
availabllity of any AFSC (Ref 16:159-161). Thus, on any run
of the model, these statistics can be observed. If the
implicit assumption 1s realistic, those statistics should
show approximately equal utilization of each AFSC and no
delays until nearly 100 percent of the maintenance force 1s
being used.

SLAM outputs the actual number of resources used (Ref
16:161), and those numbers fluctuated from run to run. How-
ever, when converted to percentages of resource capaclty,
none of the runs ever approached an equal distribution of
requirements. Table VI shows the percent utilization of each
AFSC, as a representative sample of a run of the model. These

are percentages of the number of teams avallable, for each
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i TABLE VI
! Percent Utilization of AFSCs —_-

; AFSC Average Maximum %
3 431R2 7% 28% :
431w2 23% 100%
423x0 12% u9%
423x4 17% 75%

h26x2 3% 13% ;

423X1 1% 9% é

423x3 ug 32% g
, 325%1 21% 89% :
| 325X0 2% 2u4%

328X1 10% 49% |

328x4 9% 75% E
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AFSC, and they show a wide disparity in useage. The average
values vary from one percent to 23 percent, and the maximums
vary from nine percent to 100 percent. These figures sug-
gest that malntenance manpower 1s not used in exact propor-
tion to the established manning levels of the specialists.

Actually, the useage 1s very much disproportional.

100 Percent Utilization

As seen in Table VI, the initlal runs of the model
did not produce 100 percent utilization of the entire main-
tenance force. At the maximum, only one of the 11 AFSCs
was fully utilized. Since the universal maintenance man
concept requires all of the maintenance force to be busy
before any delays occur, it 1s lmportant to determine whether
full utillization 1s feasible. The fact that 100 percent
utilization did not occur in the initial runs of the model
does not prove that it cannot occur. A slightly different
pattern of alrcraft arrivals might change the pattern of
determining numbers of discrepancies and the associated AFSCs
required to fix them, and 100 percent utilization could re-
sult.

In order to test the possibility of full utilization
of the malntenance force, an experiment was designed to try
to force maximum use of the maintenance force. The model
was artificially set up to introduce a constant stream of
aircraft, at very close time intervals, into the maintenance

system. A total of 350 alrcraft, more than the current total
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number of strategic alrlift alrcraft, were input to the model.
As soon as the alrcraft completed maintenance, they were routed
back to the input node with a new set of input parameters.
Three separate runs, wlth different seeds, were made in an
attempt to saturate the maintenance model and force 100 per-
cent utilization. Using different seeds, resulting in dif-
ferent random number streams, decreased the possibility that

a non-representative outcome would be reported. However, the
results were essentlally the same for all three runs, and

only one run will be presented here.

At the end of 120 hours of simulation time, the land-
ing gear and instrument speclalists were all working. The
landing gear specilalists, 431W2, had 66 subsystems waiting
in their queue; and the instruments speciallsts, 325X1, had
179 subsystems in their gueue. No other specialists were
experlencing any backlog of jobs. The percentage utilization
of each AFSC 1s presented in Table VII. Even at this unrea-
listically high demand rate, 100 percent utilization of the
maintenance force 1s not achieved. The AFSCs in high demand
tend to stop the flow of alrcraft, before full utilization of
the other AFSCs can be attained.

This result implies that 100 percent utilization of
the maintenance force 1s not feasible, but it is still not
conclusive proof. However, if full utilization cannot be
attained under these unrealistic conditions, the possibility

of 1t being attalned under normal conditions 1s very small.
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T~ Percent Utilization of AFSCs, Maximum Effort

AFSC
431R2
431w2
423%0
423X4
426X2
423X1
423X3
325X1
325X0
328X1

328X%X4

TABLE VII

Average
35%

99%
402
91%
149

Ly
16%
99%
12%
53%
55%
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Maximum

82%
100%
100%
100%

37%

11%

43%
100%

L1z
100%
100%
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Thus, any slmulation that requires 100 percent utilization

be‘ure any delays occur, such as the case when universal

e et mmars

maintenance men are used, would not correctly reflect the

maintenance system.

Significance of Maintenance Manning

; The last objJective of thls thesis 1s to determine the ‘
; significance of maintenance manning on the airlift system.
Since the implicit assumptions of the universal malntenance
man concept do not realistically represent the actual main-
1 tenance system, the effects of malntenance manning may have
been 1incorrectly assessed in previous simulations that used
universal maintenance men. With the maintenance model,
developed in this thesis, 1ncluded in a simulation of the

airlift system, a more accurate assessment of the effects

‘ of maintenance manning can be made. This section details *‘
the selectlion of an appropriate simulation of the airlift
system within which the effects of the maintenance model
could be tested, and the experimental design and results of
that test are discussed.

The best and most meaningful experimentation would

come from including this model in a large simulation, like
M-14, that represented a network of bases. This would allow
! the maintenance force to be dispersed and the ripple effects,

through the bases, could be analyzed. However, M-14 is not

yet developed and debugged to the point where anything but

| unlimited maintenance resources have been used. Thus, 1t 1is
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not possible to conduct a large-scale experiment with multi-
ple bases. However, Holck and Ticknor developed a simulation
of airlift capability (Ref 8), and their doubts about the
validity of the maintenance portion of their model partially
prompted this investigation of the universal malntenance man
concept.

In their simulation, Holck and Ticknor modeled the
resupply of Europe, using aggregate bases in the United States
and Europe. In early runs of their model, only 65 percent
of the maintenance force was ever used at one time, and since
they used universal maintenance men, no delays were ever
seen. Thus, manning had no effect on thelir measure of air-
11ft capability, total tons delivered in 30 days. Using a
2k-p fractional deslign, they determined that time to zero War
Reserve Material (WRM) and the number of aircraft available
were the only statistically significant factors in their
model. Additionally, resupply time appeared to have some
influence (Ref 8:74).

Since Holck and Ticknor did use universal maintenance
men, did not find maintenance manning significant, and did
not think that the results of the maintenance portion of
their model were realistlc, theilr simulation was chosen to
test the maintenance model developed in this thesis. By sub-
stituting this maintenance model for the maintenance portion
of their model, without changlng any other part of thelr
model, any difference in the outputs would be directly
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: attributable to the more detailed modellng of maintenance
manning. As previously mentioned, the distribution of resup-

; ply times, used in thils thesis model, was taken directly

from Holck and Ticknor's simulation. Thus, any changes in

! outputs would not be due to a different resupply distribu-

tion. Again, this was done to 1solate only the effects of

maintenance manning.

Holck and Ticknor's simulation, wilth the maintenance i
model developed in thls thesis substlituted for their main- ‘;
tenance portion, 1s listed in Appendix B. In a simulation
of the entlre airlift system, there are many factors that

might have a significant effect on the capabllity of the ailr-

11ft fleet to dellver cargo. However, Holck and Ticknor
determined that, in their model, only three factors were sig-
nificant. This study is particularly concerned with the
effect of a fourth factor, maintenance manning. Thus, only
four factors were tested in the experimental design. Each
factor, number of alrcraft, time to zero WRM, resupply time,

and maintenance manning levels, was initially set at the level

a second experimental level to determine the effect of such

changes.

|

|

|

{

t

{ expected for the scenario. Then, each factor was changed to
J

¢

i

! Again, to keep the conditions of this experiment as
|

close as possible to Holck and Ticknor's original experiment,

their initial and experimental levels were used for number

of aircraft, time to zero WRM, and resupply time. Initlally,
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176 C-1llUls were used, and the experimental level was changed
to 229, representing the increased capacity of the stretched
C-141B. The initial resupply times, reflected in lines 5550
to 5970 of Appendix B, were experimentally reduced by 23 per-
cent to represent the expected slowdown in supply channels
during wartime. Finally, the time to deplete the stock of
WRM was 1initially determined to be 12 days. The experimental
level was set at 24 days, reflecting a buildub of preposi-
tioned supplies (Ref 8).

Since manning 1s the only factor not previously
tested, the levels used willl be explalined. The initial
level 1is the structure as derived in Chapter IV (see Table
V). This structure represents the maximum number of effec-
tive maintenance teams currently avallable. For testing
purposes, the alternate level was established as 90 percent
of the initial teams available. This ten percent reduction
is realistic, because not all of the strateglc airlift air-
craft are used in Holck and Ticknor's simulation. Some
alrcraft are dedicated to previously committed missions,
and a portion of the maintenance men would be used to sup-
port those missions. Also, the number of effective teams
available 1s directly related to current manning levels,
which fluctuate with recruiting effectiveness.

In order to determine the effects and interactions
of these changes, a 2u full factorial design (Ref 16:164)

was required. Each distinct combination of initial and
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changed levels of the four factors was run twice, with 4if-
ferent random number streams, so a total of 32 runs of the
simulation were made. The data from these runs was analyzed
by a four-way ANOVA using SPSS (Ref 14:410). Holck and Tick-
] nor had demonstrated that three-way and higher interactions

| were negligible, so only the main and two-way interactions
were analyzed.

Table VIII shows the results of the experimental runs
of the simulation. Under the factors, a "-" represents the
initial level of the factor, and a "+" represents the experi-
mental level. The sixteen runs represent the 2“ full facto-
rilal design, and each combination of levels gave two obser-
vations, the normal and antithetic runs. The first observa-
tion used a normal random number stream, and the antithetic
run used a stream that consisted of the complements of the
normal random numbers (1 - normal random number) (Ref 16:150).
The effect of this antithetic sampling will be discussed
later in this chapter under variance reduction. The measure
of effectiveness, in the model, was thousands of tons of
cargo delivered, and the outcomes are listed for each run.

These results were lnput to SPSS and the four-way
i ) ANOVA was run. Table IX shows the results of that ANOVA.

As can be seen by the very small F-value, changing the man-

ning level had very little effect on the output of the air-
1ift system. This 1s not a result of not having delays due

to manning. Delays were shown on all of the runs using
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Results of Experimental Runs

TABLE VIII

FACTORS
War
Reserve Normal Antil
Run Material Alrcraft Supply Maint Seed Seed
1 - - - - 126.8 132.2
2 - + - - 150.9 152.1
3 - + + - 158.5  161.7
N - + + + 158.2 159.5
5 + + + + 183.3  185.7
6 - - - + 126.9 132.2
7 - - + + 134.7  137.2
8 + - + + 158.7  160.7
9 - - + - 1343 137.2
10 + - + - 156.9  160.7
11 + + + - 183.9 186.9
12 - + - + 148.7 153.7
13 + + - + 182.0 185.6
14 + - - - 156.7 160.0
15 + + - - 183.2  186.5
16 + - - + 157.1 160.0

75




TABLE IX

ANOVA Results

Source of Sum of Mean Signif
Variation Squares DF  Square F of F
Main Effects 10969.061 4  2742.265 598.754 .001
WRM 6135.550 1  6135.550 1339.653 .001
C-141 4706.925 1 4706.925 1027.723 .001
Resupply 126.000 1 126.000 27.513 .001
Maint .578 1 .578 .126 .726
2-Way Interactions 107.869 6 17.978 3.925 .009
WRM C-141 18.758 1 18.758 4,096 .056
WRM Resupply 84.825 1 84.825 10.521 .001
WRM Maint .025 1 .025 .006 .941
C-141 Resupply 1.320 1 1.320 .288 .597
C-141 Maint 2.940 1 2.940 642 U432
Resupply Maint .000 1 .000 .000 .993
Explained 11076.931 10 1107.693 241.857 .001
Residual 96.179 21 4.580
Total 11173.110 31 360.423
76
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regular seeds, and nine of the antithetic runs also showed

some delays. Apparently, in this model, these delays do not
cause enough disruption of the system to significantly affect

the outcome.

Varlance Reduction

The simulation model, as listed in Appendix B, uses
the buillt-in features for varilance reduction in SLAM. The
palred smaples for the experimental design were obtained
using antithetic sampling, as SLAM suggests (Ref 16:u485).

The flrst observation was obtained using normal seeds for the
random number generators. The second observation, however,
used the antithetic seeds, including a negative correlation
between the observatlions. This process 1s initiated by spe-
cifying a negative initial seed value in SLAM, and 1t seems
to be an effective method of variance reduction (Ref 16:485).

Both Holck and Ticknor's model and the maintenance
model can incorporate another feature for variance reduc-
tion, correlated sampling. Each of the random number streams,
provided by SLAM, 1s used exclusively for one purpose. In
other words, every call to a random variate generator or a
random number generator uses a different stream. By speci-
fying the same seeds for different runs, the same seriles of
events can be introduced to both runs., However, the use of
both antithetic sampling and common streams can increase the
variance, so extreme care must be used 1f both technlques

are utilized (Ref 16:u487).
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Summary

The experimental design used in this thesis was con-
sidered early 1n the development of the maintenance model
to structure the output statistics and the inputs to the
model. Using the model as a tool, specific tests were
developed to satlisfy each of the objectlves of this study.
Both the baslic model, Appendix A, and Holck and Ticknor's
simulation with this maintenance model included, Appendix B,
were used in those tests. The results of those tests do
not support the implicit assumptions of the universal main-
tenance man concept; and in a simulation that uses aggre-
gated bases, maintenance manning levels do not appear to be
statistically significant to airlift capability. The con-
clusions and recommendations, resulting from these findings,

will be presented in the next chapter.
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VII Coneclusions and Recommendations

The primary goal of thils thesls was the investiga-
tion of the implicit assumptions of the universal maintenance
man concept. In order to conduct this 1nvestigation, a great
deal of effort was expended 1n developing a more detailed
model of the maintenance system so the internal processes
could be analyzed. The model 1s not a complete and universally
acceptable representation of the maintenance system, but it
is offered as an approach to modeling and a general gulde to
methodology. The model does suffice as a tool for investi-
gatlion of the nature of the internal processes in mainte-
nance, and those processes are the basis of the implicit

assumptions of the universal maintenance man concept.

Conclusions

The results of this study are clear enough to draw
several conclusions. First, the maintenance system does not
operate in a manner that supports the implicit assumptions of
the universal malntenance man concept. Discrepancies do not
occur in proportion to the numbers of maintenance speciallsts
capable of repairing them. Also, 100 percent utilization of
the maintenance force does not appear to be feasible.

If maintenance manning 1s to be modeled, in a simu-
lation that requires detalls >f the maintenance process, the
approach used in this thesis willl provide sufficient detalls

of manning utilization and possible delays. However, 1t 1s
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not clear that maintenance manning must be modeled at all.

In Holck and Ticknor's simulation, maintenance did not have

any slgnificant effect. This suggests that it may be possible

to delete maintenance manning from a model of strategic air-

1ift.

Recommendations

The approach to modelling the maintenance portion of

a strategic airlift simulation, developed 1n this thesis, 1is

a vliable alternative to the use of universal maintenance men.

It is not as large and compelx as the Logistics Composite

Model, but it will provide some level of detall concerning

the maintenance function. If a simulation of strategic air-

1ift requires detailed maintenance statistics, this approach

is suggested.

Finally, each simulation effort should determine the

likely effects of delays due to maintenance manning. If
those effects wlill not be significant, for the purpose of
that particular model, maintenance manning may not have to
be modeled. If manning is not modeled, it may be possible
to represent the total time in maintenance by one distribu-

tion of maintenance times.

Further Research

The effects of thls maintenance model, in a simula-
tion that uses a network of bases, has not been determined.

The fact that the maintenance force will be unevenly
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distributed among many bases could change the significance of
manning. The next logical step, 1n this area of research,
would be to develop a network model of the MAC bases and try
to incorporate this model into the network.

Also, the maintenance data tapes, as discussed earlier,
are extremely difficult to use. If a program could be devel-
oped that would accomplish the basic functions of the CDEP
and have variable output formats and contents, 1t would be

a great aid for future researchers.
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f WPSHINILSREE, T156, 10108,  TS18371,STANBERRY,BOX4TTT 369:88

ATTACHPROCF 1Ly SLAYPROC, ID=AF 1T, 288LL
FINS1ANS1=6, 299128
BECINGSLAM: 1 H=LGCPL=10488, 886:2¢
¢ 39815
¢ TR
D 209179
£ 306159
D 208199
PROGRAM MAIN (INPUT)CUTPYT, TAPES=INPUT TAPEA=OLTPUT, TAPET) #0623
DINENSTON NSET (33088) 22629
COAMON/SCOMY/ ATRIE(108)+DD(168)1DDL(L66) DTNON, L1 MFA/NSTOP NCLNRBEALE:
1NCRDR+ NPRNT ) NNRUN) NNSE T NTAPE 1SS 11081 1 SSL(188) ) TNEXT) TNOW: KX (1281 60623
‘ COMMCN GSET (45869) 896244
! EQUIVALENCE (NSET{1}+QSETUIY) ge22e
; NNSET=45889 08248
; NCRDR=5 268279
NPRNT=b 306254
NTAPE:7 086298
CALL Sam 802388
sToP 60831
END 994228
r
1
!
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SUBSLUTINE EVENT (1) 399245
RTMNON/STOME/ ATRIB(28Y,ID( 98}, DL (L80)  DTNDRs L1y ¥F MSTIP, 7L NRESRINE
£ PNCRIR NPRNT » NNRUN  NMSET NTAPE 155 11851 ,SSL L2 38) » TNTX TV TNO W 11 50) 383548
i G702 3 S5t 705090180 0 3382732
t L 298228
L L EVENT t SETS PARAMETERS FOR W.U.C. #11. 80825¢
. ¢ 209409
S M FIRAC-14 1 388819
D 369423
: { ATRIB{S)=t 83423
i TFIATRIBIZ)LEZ.Z) 50 TO 18 pe5Leq
¢ X1=.633 389458
= X2=. 6424 209448
Y1:,995¢ 398873
Y2:3,8421 368829
60 10 188 366198
' £ 389583
£ #2FORAC-5 #4 36053
. 280528
i =572 298522
¥2:.612 289544
Y122,5737 369558
¥2:,9384 829548
50 10 (38 369578
b 988502
 EVENT 2 SETS PARAMETERS FOR W.U.C. # 13, 22059
> 938460
L #5 FOR A C-141 4 308L18
¢ 69528
; z  ATRIB(S)=2 968429
! 1F (ATRIB(2).EQ.2) GO T0 1 [T 1AT]
= Xi=.0217 309458
’ 12,6568 888LL2
( 112,981 300478
| Y2:1.9268 369624
| % 0 186 988698
g . gaares
! C #4 FOR A C-5 #4 998714
| ¢ 368729
| 12 ¥i=bl4 588733
X2=,835 BEETAS
’ Yi=1,2269 88758
Y2:1,4098 56718
! G0 0 198 "o
i > . 50758
', £ EVEWT 3 SETS PARANETERS FOR W.U.C. # 14, #6798
} £ (T
C # FOR A C-141 3 gt
! ¢ #99528
l 3 ATRIBUS)=3 998528
1
; 87
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TFO(ATRIB(2).EG.2) GO 7O 13 800042
1=.8129 seeese
X2:.0278 #632L8
11=4,292% #8287¢
12:2.1242 #2308

G0 70 188 934894

» 380982
C B FRAC-S 383919
L 886923
13 ti=.674 #9898
12:.618 820948
11=1,79%% 268954
12:1.5645 830948

GO 0 08 288978

L 868958
[ EVENT & SETS PARAMETERS FOR W.U.C. # 22. 304998
L 881360
£ 3 FOR A C-14} L
¢ goia28
& ATRIB(S)=A g8ic3e
1F (ATRIB(Z).EQ.2) GO TO 14 T L
11=,8524 381856
X2:.0772 81048
11=,7623 881473
12:3.8044 fgiecs

(o 1O 198 8128

¢ i
£ FOR A C-5 22 #8118
£ esL12s
14 11,252 88138
12=.89 84108
Y1=1,1153 8e1158
12:1,6712 12814 ]

G0 10 198 181170

£ #6110t
C EVENT S SETS PARAMETERS FOR W.U.C. # 42, 11199
¢ sei2i8
£ 32 FOR A C-141 23 a1
¢ 1228
S ATRIB(S)=} "0z
IF (ATRIB(2).EQ.2) GO 10 15 "

Xiz. 0869 "

X2:. 4748 s
LR Y Hn
¥2:1.2157 1208

€O 10 188 129

C "0
C FRAC-I & i3
¢ 191324
1S =118 1
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12,828 i3t
Yi=4374 08125
Y2:2,49% 31340
%0 10 9 801378
; 491368
CEVENT & SETS PARSMETERS FOR W.J.C. # 85, #9120
: 891408
C 40 FOR A C-141 # #9141
; #9142
b ATRIE(S)= 09143
IF (ATRIB(2).EQ.2) GO T0 14 poLeeg

L2, 5097 #9245
22,0292 19184
=432 991478
12:4.2023 391439

50 10 198 31438

¢ 891584
C 4 FOR A C-5 # #9151
> s
T ENL #1539
K2=,848 #9154
i=,557¢ #9155
12:3,402 891549

0 10 198 891579

C 891550
C EVENT 7 SETS PARBNETERS FOR N.U.C. # 4. #8159
¢ anison
C a4 FOR A C-14L 90 #1618
c 1628
7 ATRIES)=? Wieze
IF (ATRIB(Z}.EQ.2} €0 T2 17 #isto
Xi=.012 #9650
X2z.008 W66
11,376 11578
12:2,0044 #9165

%0 0 199 1169

¢ nm
C 4+ FOR A C-5 40 Ty
¢ 1728
17 =il 72
x=.412 TR
14,5229 nse
12:3.51%3 74

<0 10 18 e

¢ #1789
C EVENT & SETS PARMMETERS FOR W.U.C. £ 5L, 7o
¢ i
C 4 FORAC-1Mt &4 "isie
¢ #1520
8 ATRIB(S):8 #1824
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iF (ATRIB{2}.EG.2) G2 1D 13
Xi=.6218

12=,6181

Yi=.1288

12:9.931

G0 70 108

HIRACS M

D i ]

15 X=a22
12=.049
W=, 1225
12:12,9255
G070 108

EVENT ¢ SETS PARAMETERS FOR N.UL.C. # 72,

#FRAC-1H

P TP Cr

¥ ATRIB(S)=%
IF (ATRIB{Z2).EQ.2) 62 70 47

1=.8789

X2=. 0266
Y1=.8439
12:19.5124
G0 10 190

¢

L HFRACS v

i

19 M=.282

X2=.485
11=.3622
12:4.869%
G0 70 s

¢

C EVENT 1§ SETS PARRMETERS FOR ¥.U.C. S5 & 73,

C

{ #FRRAC-14

¢

1§ ATRIB(S)=18
IF (ATRIB(2).€Q.2) GO TO 28
=128
2=, 6128
LRI
122125641
G0 10 8

c
C nflRAC-I &
¢

% Xis,138

90
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0
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geiyg
#81358
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881978
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1819928
sazeed
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pezace
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#2878
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2=, 842
=210
1227.273%

ADDRESS 166 FIRST, DETERMINES EXPECTED NUMBER OF FAILURES
FOR THE APPROPRIATE WORK UNIT CODE (USING THE PARAMETERS:
X1 & X2 SET ABQVE), FOR THE SUTBOURD SORTIE.

e N I e W]

188 XX{2) = X1 + X2 * ATRIB(2)

L W ]

USE EXPECTED NUMBER OF FATLURES AS THE WERN OF A POISSON
DISTRIBUTION T0 GET THE NUMBER OF FAILURES GENERATED.

[ xe]

X = RPSSNIXX{2).2}
>
 DETERMINE EXPECTED NUMBER OF FAILURES FOR RETURN SORTIE.
¢

£X(2) = X1+ X2 + ATRIB(A)

C
 DETERRINE NUMBER OF FAILURES oM RETURN SORTIE AND: ADD
. TO THE NUMBER OF FATLURES OR THE QUTROUND SORTIE.

X = X+ NPSSN(XK(Z}2)
£
f; IF NO FAILURES OCTUR, BOTH MX AND SUPPLY TIMES ARE ZERO.

IFIX.EQ.8) THER
ATRIB(3)=6
ATRIB{Y) =8

RETURN

ENDIF

<

IF FATLURES QCCURRED, DETERMINE TIME TO REPAIR (USING
PARAMETERS: Y1 & Y2, SET PREVIOUSLY}. ALL TINES COME
FROR GAMMA DISTRIBUTIONS,

L I W B )

IFCLGT.H) Y=GAMA(Y141243)

ADJUST MX TIME IF MORE THAN ONE PART FAILED IN THIS SUBSYSTEM.

CPOOD

IF (K.EQ.L)} ATRIB(3}=Y

IF (1.EQ.2} ATRIB(3)=1.58Y

IF (1.EQ.3) ATRIB(2)=1,73%Y

IF {1.CE.&) ATRIB(2)22,80Y
¢
© DETERMINE SUPPLY DELAY» TF ANY,» IN USERF.
t

ATRIB(4} = USERF(1)

L)

C IF THERE NILL BE A SUPPLY DELAT. DIVIDE MX TINE IN HALF,
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#0285
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182754
e
w
e
"
WK
ascis
e
028340




L
L
L

SINCE SOME WORK WILL TEDOME IEFORE AND SOME AFTER THE
SUPFLY DELAY.

IF (ATRIB(4}.GT.8} ATRIB{Z)=ATRIBASMZ
RETURN
END

pozcY
382350
882348
382878
1828%9
sszess




SUNCTION LEZRFIDY 88292
COMMON/SCIML/ ATRIBLIZ6Y+DD(183),0DLILSS) s DTNON, L1 PR NSTLP NCLYNREE2SLS

1+ NCRDR+NPRNT » NNRUN NNSET NTAPE,SS {1881, SSLULEEY » TNEXT TRIN XX (1283032978

oy 8629449
GG 10 (1)1 #gese
CHIHI IR M I TR R E H R T HE R 4884 85298
£ THIS FUNCTION IS USED TO DETERMINE HOW LONG AN ACFT #2 382978
£ 15 DOWN WHILE WAITING FOR SUPPLY. NOTE THAT SUPPLY 982952
£ 1S NOT A FACTOR FOR THE FIRST 12 DAYS (288 HOURS) &4 ge299t
£ THIS 1S DUE 0 LOCAL STOCK AND WRSK STOCKPILES. " sg298¢
CRad4 8830 1 H R MR A 1 A R 2R H 13 4144 83333
£ 883828
{43 FIRST, DETERMINE [F SUPPLY IS A FACTOR #4 £93028
C 883380
t  IF (DRANDI3).LE..73) GO 70 388 862058
IF (TNON.LE.288) G 10 204 i

L #82078
C#2 FOR THE 141 #2 842886
L 382998
IF (ATRIB(2}.ER.2) GO TO 3¢ #3168
X=DRAND(3) W3
IF (X.LE..288) GO T2 281 #3129

1F (Y.LE..328} GO 10 382 $82.3¢

G3 10 3¢ 983148

398 USERF=¢ #2158
RETURN 83148

381 USERF=(LI80.4(X1424.)81 .8 383174
RETURN $0312

362 USERF=(73.628(X- . 88834481410 863194
RETURN . 13208

383 USERF={143.280(1-.3301472. 1818 1 k4!
RETURN fedie

£ 283238
f#¢ FOR THE €3 # 2\
L #8358
3% X=DRAND(2) 03248
IF {X.LE..082) GO 1D 34 327

IF (1.LE..232) GO TO 385 §a32e8

1F {I.LE..323) €O 70 3% 329

IF (X.LE..338) €0 10 39 85330

1F (1.LE..383) €0 TO 208 §833i4

C0 T0 39 #1332

304 USERF=(12088.4(1)+24,) 01,4 162328
RETURM 1234

WS USERF=(103.94(X-.062)+48.)41.8 01033548
RETURN . #3348

300 USERF=(266.673(1-.233)+72.141 .8 183378
; RETURM #0338
367 USERF=(1488.4(X-.323)1494.)41 .8 $2398
RETURN 1408

93




388 USERF=197,1741X-,328)+4128.141.3

283410
RETURN #a2eze
399 USERF={57.824(X-,58%)4184,141.3 832420
RETURN ga28s
END 232458
94
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s e ey - i s

MAINTENANCE MODEL NETWCRK

o s -

GEN+STANBERRY +#X MODEL,12/13/1981i
LIt 21546888
NETHORK}

RES/MA3IRZ (7M1} FLT, CONTROLS %X PERS
RES/MA3LN2{18) 21 LANDING GEAR NI PERS
RES/NAZIXN(43) 3} ELECTRICAL SYSTEMS X PERS
RES/MAZIXA(TTY 43 PNEUDRAULICS MX PERS
RES/M26X2(192)55 ENGINE WX PERS
RES/MAZIXL (46} vbi ENVIRONMENTAL SYSTEMS MX PERS
RES/MAZ3XZ(2NTH FUEL SYSTENS NI PERS
RES/M325X1(49) 84 INSTRUMENTS X PERS
RES/MIZIAITH S AUTOPILOT AX PERS
RES/M3ZBXL (49110} NAVIGATION SYSTEMS MX FERS
RES/M3Z8X4(36) 1154 INS & RADAR WX PERS

CREr.218.6: 11186813
ASSXNLL=XK (1) 4Ly
ATRIB{(3) =RNORNL7.7r. 2}
ATRIB (&) =RNORR{9.3:.2}i
ACT XX {1 LE.3:ASES
ACTre XX(1) EQ. 88
ASSHATRIBIZY =20 XX (1} =83
ACT 112601}
aSt  ASSHMTRIB(Z)=t}
601 GOON»18%
ACTreeEVLY
ACTre o EVZY
ACT 21 2EYTY
ACT s EVA}
ACTr 1 EVSS
ACT 10 EVS?
ACT 19EVT}
ACT» 1 EVBS
ACT11EV9}
ACT» 1 EVIRY
M EVEaLd§
0CT+ATRIB(3) .EQ.1HQLY
ACT+1ATRIB(2) (EQ. 1:GO2}
ACT» +ATRIB(2) .ER. 2,603}
(02  GOON.1i
ACTHATRIB(3) 1. 6130C022}
ACT11. 303 AM1 4
ACT 1 B84 AR41
603 COOMi i}
ACT+ATRIBL3) . 45360220
ACTr 1. 2040011
ACT» o 051, AN3%
aCTr1.232+4U44

95

#2478
93498
23588
883519
pecsze
882528
30334
§02554
L kbl g
#2578
882568
84359
L1t
LY
FUkTYd ]
§22628
$8204
#2658
83548
kY ]
3L
aE2Les
893768
e
#3728
#3738
#2748
#2758
L ]
277
183758
#62794
B2268
sidels
#2828
#8382
#9eu
#8365
T
102374
143884
#1239
"
wins
| k31 ]
#9393
WM
195
#3948
"

B T LI TR




Go4

G053

607

Eve

08

09

Go1s

EVE+ o1

ACT1ATRIBIS) Q. 800240

ACT ATRIB(2).ES. 1, 0044

ACT» ATRIB(2).E2.2:605}

GOOR. i}
T+ATRIB(3}1.88: 0220
Tre 4738020

ACTri.145,8M3%

ACT 1 . 262 AN}

G0N« 1}

ACT ATRIB(3Y,.128.0022}

ACT» 8474810

ACT+ 1 4TT AN2E

ACT) 1. 07818830

ACTre 281 A4

ACTy e B74,0N8}

EVEs Sl

ACT+ATRIB(3).EQ.§.Q3}

ACT» ATRIB(2}.EQ. 16043

ACT» ATRIBI2).EQ.2:0073

GOON. 14 :

ACTHATRIB{3) . 189260220

ACTre 254 8M10

ACTr 10T AND

ACT 1 22020N8%

ACTy . 1546,ANS}

ACT e B08AN9

GOON: 14

ACTATRIB(3)+.217,0022

ACTye . L030ANLY

ACTe 127:0M30

ACT 1. 493 A4}

EVE: bl

ACTATRIB(3).EQ. 5043

ACTH1ATRIB(2) .EQ. 1/ GOBY

ACTATRIBI2) .EQ. 2, G091}

GOON: 1}

ACTIATRIB(3},.177:0022¢

ACT++ ., 434,045

ACT»+.38%,AN8¢

COON 1}

ACT+ATRIB(2)4.257.06022}

ACT e 413, AHSH

ACT1+. 3361008}

EVEsSe 1}

ACT)ATRIB(3) .EQ. 6,03}

ACT»ATRIB(2) .ER.1,GO18}

ACT ATRIB(2) .EQ.2:G011}

CoDN i3

ACTATRIBI)» . 113,G0228

3835¢8
383998
328288
29438
ge43:3
288833
04644
#3358
884dL3
802378
882808
294898
26486
dosiie
ML
#8414
38148
284:55
282118
gee173
288183
g8e198
3842880
gg42!

288228
884239
geazs
864258
#8448
84279
] ¥ ]
884298
#8436
fisle
84328
94239
[ 1xIT ]
#8425¢
f5L3Ls
54378
194308
9439
(LT
il
Hue
13y
1LY ]
s
[ LYTY
11 L2Y] ]




Evh

[+]
=]
-
~>

G013

7

Gole

60:S

Eve

G014

(01?7

ALT 8758018
ACT+1.787, 843}
ACT1 1 8518058
RCT . B51,AM9¢
GOONa £+
ACTHATRIB(2Y.235.50223
ACT 11 576)8M3%
ALT 1 189, ANSH
EVEr b ld
ACT+ ATRIB(31.EQ. 84364
AT ATRIBA2) LEQ.1,G0128
ACTHATRIB(ZY.EQ.2,G0LS
COON: 14
ACT ATRIB(2),.023:G0228
ACTy 1 F12:8048
ACT 1 B45,AN84
GOON: 14
ACTHATRIB(3}».982,0022}
ACTy ¢ 72818043
ACTy . 1461846}

Tor I52/ 0084
EVEsTo 1}
ACT .+ ATRIB(3).EQ.2.373
ACT) (ATRIBI(2).EQ. 100145
ACT» ATRIB(2) .EQ.2: 00153
GOONa 14
ACT ATRIBA3) » . 840,00223
ACT v e S48, 0MT
ACT»+,392,AN8
COON 1}
ACT ATRIB(3)1.897,5022%
ACT . 415,843}
ACT+ 1. 209 AN73
ACT11.278+AN8¢
EVE1 8 1}
ACT++ATRIB(3).EQ.8:08}
ACTHATRIB(2) .EQ.1,G0163
ACT:ATRIB(2) .EQ. 2,017}
GOON 14
ACTHATRIB(3)».068,(022}
ACT 1,992,083
GOON: 1}
ACT ATRIB{3) + . 0T7,C022}
ACT+.328/0M83
ACT1¢.277,849%
ACTy . 118000103
EVE e li
ACT) ATRIB(3) .EQ. 9,094
ACT, ATRIB(2).£0.1+60183
ACT 1 ATRIB(2).EQ.2/CO194

3ges:3
320453
334588
98858
g8eces
884533
#84548
894556
384548
28578
884528
984598
gacLo8
g64413
834023
L ALE)
295648
BBaL5E
BasLLE
88eL78
384658
834499
884788
Bas7ie
Bas7L3
884738
BBaT2e
#3478
#8470
384778
#847c8
pe-798
jasoee
384818
#4828
geage
§84848
] Lt
peLcis
#8287
peigse
154894
184908
£8L318
#0492
804938
HHY
$84956
1498
104978




e ——— ot e 0 o e

Go1s

G019

Evid

(nze

6ozt

ANl

T4

AN3

ANd

G0N L3
ACT)ATRIDAY . B8R0, C22H
ACT»y, 992, 80187

G0Ny 13 ’
ART,ATRIBU2Y . 812,022}
ACTy:,508,AW133
ATy 408 AM1Y)

EVE: 1§13
ACT1ATRIB(3).E3.6,218%
ACTHATRIB(2) .EZ. 100284
ACTHATRIB(2) .EQ.2,00214
GOON: 14
ACTHATRIB(3) ). 882,C022H
ACT e 547 ANLBE

ACT e 431,A01 L7

GOON: § 3
ACTHATRIB(3)) . 842,G022)
ACT 0262 ANS}
ACT», 872, A1}
ANALLLMA3IR2/ 1}
ACTATRIBIZHS
FREsME2IRZ/ 1 1}
ACT+1ATRIB (4} (EQ. 546022}
ACTHATRIB(4)ATRIBLY) .GT. 84
ASSATRIB(4) =6}
ACT: 1 ANLY

ANALZ) HRAZINZ/ 1 1

ACT ATRIBA3MY
FREMAILNZ/ Lr 1}

ACT 1 ATRIB(4).EQ. 80022}
ACTHATRIB(4)+ATRIB (4} .CT. 80
ASSATRIE(4) =8}
ACT 1 1AM}

ANA L3} MA2218/10 13
ACTATRIB(SYE
FREMA23X0/ L0110

ACT 1 ATRIB(A) (EQ.81G022H
ACT/ATRIB(4)ATRIB (4} .GT. 8
4SS/ ATRIB(4) =6}
ACT» 1 1AN3}

AMALEL MAZINR/ 5 1E
ACTATRIB(3)}
FRE:MA23X4/ 1015

ACT» 1 ATRIB(Y) (EQ.$:G022}
ACTHATRIB(4)ATRIB(4} .CT. 81
4SS ATRIB (41 =63
ACT 1 1 AN4}

AUA(S) MAZEX2/ 113
ACTATRIB(3) S
FREMAZLX2/ 10

98

734958
FEEERE
2052e
gac81d
235818
885922
geses
895954
985210
885879
2850%4
#852399
865188
#8511
gasize
885134
£35144
885158
gesiie
#85172
365189
§65:98
BESTER
#8521

#45228
#8528
§e5248
2685258
8a5Lte
§85278
152
265238
895269
985318
pe53zs
#5338
35344
#5358
H33te
#45374
#5329
#0539
05464
85419
"
#5038
fi5e4
805458
5L
#5478

v

— < -+ —————— - — o= =



| ACT) ATRIE(SY B2, 3050225 p5ecd
; ACTIATRIBLE) ATRIBL)OT. 38 235498
ASSHATRID(S) =83 205594
| ACT 11 18NS} 369314
Wb ANALLY MAZIRL/ 4L 295528
ACTHATRIB(DG 385559
; FRE/MA23XL/1a15 223340
: ‘ ALT1HATRIB(4) EQ.§150225 26350
i ACTHATRIB(A)ATRIBIS) .G, 3 885549
: ASSHATRIB!4) =0 305578
ACT1y e RMES #4535t
AT ANRLTY 23/ L 385598
: ACT/ATRIB(2}} #6568 ;
- FRE/MZIN2/ 115 385616 ;
AT+ ATRIBI&) .EQ. 810022} gosLe
ACT)ATRIB(A)ATRIBWA} 57,6 #8543
4SS, ATRIE (8} 263 24544
ACT111ANTS #8558
ANS  ANA(S) MI25XL/ oL osiLd
ACT)ATRIB()} 335478
FRE/M325K1/ 41} g2cL58
ACTH ATRIB(4) . EQ.8,6022} 2654%9
ACT.ATRIB(4),ATRIB(4),C7, 53 333748
ASSHATRIB(4) =85 15718
ACTsy 1823 395728
AKT  ANALD)MIZSXB/141S 385778
ACT,ATRIBIS)S #8578
| FRE/M225%8/ 1115 385756
‘ AT, ATRIB (A}, EQ. 8460223 295746
. ACT/ATRIB(43,ATRIB(H) 0T, 65 865774
| ASSHATRIE (M) =8} 385752
, ATy 11RO 265798
l 8413 ANALLEY M3ZBNL/ 1oL #65838
, ACT/ATRIE(3)} #6219
; FREMIZEN/iiE 265828
| 4CT1 ATRIB(4) L EQ. 8100223 405829
' * ACT/ATRIBIAY:ATRIE (4} .CT. 6 985848
l ASSIATRIE(4) =6} #9585#
ACTy 1 rANLSS 885844
[ ALY ANALLL) MBZER4/10 15 #§5279
| ACT,ATRIB(3) #65328
; FRE,M328X4/ 101} 305899
‘ ACT+ 1ATRIB(4)  ER. $15022} 195908
g ACT/ATRIB(4) /ATRIB(H) LT, 6% 945919
; ASSIATRIBIA) =63 : 195924
| ACTr0AMLL} 195938
€022 GOONe13 195944
l ACT)ATRIB{2)+ATRIBCAYJATRIB(A) .GT. 4G22} #05950
ACT1(ATRIB(A) .EQ.$:G323 805948
G023 COONet3 #5978

' 99




5
[

ALT++ATRIBAS).EQ. L0
ACT++ATRIBAS) .EQ.2:Q20
ACTATRIBLS) (BB 30034
ALTHATRIB(S). 23, b3t
TorATRIB(S) .EQ. 50350
ACT ATRIB(S).EQ.£BL}
THATRIB(S).ER.TA7}
ACTHHATRIBIS) LEQ. 2080
ALTHATRIBIT BS99
ACT1+ATRIB(S) .EQ. 10218}

MAT 101/A1:82/A1+82/A184/A1, 35781934 7R21R7/81,88/A1

: QUECLZ) v v o MATCE
2 RUEL3) 4y MATCE
3 SUE(4) 50 MATEY
g4 QUELISY e e o MATCH
85 QUECLE)re s RATEY
R4 BUELLTY e e o MATCH
87  QUELLRYy ey o RATEE
38 QUETL9Y 400 o MATCH
89 QUELZE)Y 4y MATCH
913 QUELZL)vr o MATER
HATE
39/41:518/A1%
AL ACCUM 1B 18 HICHIZ) o1}
COL2INT{1) 70T TIME}
TERNG
END}
INIT 8%

FIN

100

125930
£45779
864663
336819
94222
294838
86044
#9425
)
#8437
§866%8
296398
4oL.98
386. 14
PITSH
20643

89614
”"eis

TR
896179
#06ics
#8619
Hees
T
§00229
896238
#9624
896250




Appendix B

Simulation Model
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L
uﬁ;:

SooM2:T288,TISE IDITE,  TRIBITLETINBERRYZK4STT

| S ANBRS TR.AsTe
& L SLAMPR G [D26F17,
2

e

STR39ANS I,

BEGINY LA™ ML 10y FL=1 3083,
{

PROCRA¥ MAIN {INPUT  JUTRUT TAPEZ=INPUT, TAPEL=OLT™T  TAPET
DIMENSTON NSET (48723

SSHMON/SCONGS ATRIZULEE) (DD OIEE) DDLU 153 «DTNOM) 11 MFASMETORNCLNR
Lo NCORDR NPRNT y ANRUSH RNSET 1R TAPE PSS (1281 1 SSLLLB6) + TNEXT» T30y K3 1 L68)
COMMCR QSET (23933

ZGUIVALENCE {NSTT{L) nJSET{L))

NNSET=48344

NCRTR=3

NPRNT=4 :

NTARZ=7

CALL SLAN

3TP

zi0

102

- =

i85
37
&%
226.:3
Ja L4
23859
#23lLs
J28L7%
8¢ 5

382524
i)

8its
gedlie
J47259
ge3.58
daaced

IS~ e et i

T o vy




—

€ O3

rd

+

T €

(9]

€ 2 €Cr €

~>

C

e Rt
i N ENEONP) KRR R
k ET»V 3PE)35{ et isLitda

RSyl 31'311 geat,
= TER, 0 vt

HICTESTLYNLIFLYT

"vu' .BH’IUNNA’AHN'-'V -1

T ALLBGS S TiH Dbl

EVZNT 1t 3ZTS PARANETZRS FIY UL, F 1Y

FRAC-14 w

ATRIZ(SI=!
SIATRIE(ZYLEG.D) 6T TR LB
i=,833

ks, 8t84

¥i=,9954

12:3.88L0

GG 70 138

FRA IS #
a1=.373
Z=.3.2
1123.4737
Y=, 9834

35 70 184

EVENT 2t SETS PARAMZTERS FOR 4.U.C. # 12,

+ FOR 3 -4 &

ATRIBIS)=Z
IFATRIB(Z).EQ.2) GO TO ild
1=.8317

X2=.8588

Y1=,9415

¥2=1.9268

GO TG {28

FOR & C-5 #+

Ki=.614
12:.635
121.2269
12:1.4499
G0 T¢ 199

C EVENT 3¢ SETS PARAMETERS FOR W.U.C. # 14,

c

103

VORTRAL e LT
DTNIRy oD p

e e p———— =

RO
53858
333543
23533
598562
383574
396538
30854
233c38
38363
F85428
ﬁﬂ%béi

P
?556“
$50648
$85678
gocess
#8843
368764
#337.4
206726
300734
#0374
#4754
#6G746
833776
284786
44079
#00309
30083

e e e e —— et e mew




o

Toee

[N B o B N I B ]

A=

PR
STOATIIMAN = e es ws L
PR e L L R T 1Y AR [V RPN
{*= +3
ii=.109

22 1772
- ANV
IR
Y12.,397¢
my e mgn
122,242

G2
R AT o

Xi=.874
X2s, 313
Yi2l.79%
Y2=1.34635

EURBISYT)

SYENT 41 SZTS PARAMITERS FlR w.u.L. # 22,

FRACH »

ATRIEZ)=4

IFATRIEID.E0.0) €3 70 48
12,8824

K2=.4772

Yi=,7623

Y2:=2.9844

cd 70 08

FOR 4 £-5 44

X1=,252
KZ=,89¢
vi=1,1183
Yis1.8712

GO 0 193

C EVENT It CETS PARAMETERS FOR 4.U.C. # 42,

(I
¢

'

S

FOR A C-14] »2

ATRIB!S) 55
IF(ATRIB(2).ER.2) GO TO 158
Xi=.0865

X2:.9470

fi=t.4M

12:1.2197

GO T0 194

104

338923
363959
daldsd
8.2
85302
LR R
pe. s
#agce
I8l
i2.379
TN
g8l
3.3
1990
#3103
WL
#icl
831t

goLies
$311748
01194
#21.98
281286
#812id
fa1ze
831234
#8124
661254
881244
gL
ga120d
281298
#8128
81314

- e e —- - .




DI R N e e w

[l

L)

s €Y

I €I

s XN

o

i

ik

VENT 41 SETS PARGYITERE SOR &.0.C. # 485,

ATRIRIS) =4

FATRIZI(2).E3.0D) 0 T it8
=, 3997

12s. 0255

TN

Vo4, 2023

60 70 143

FRAC-S

[ B
~n
G e -

o
~J4
>

492
!

G = € 2w >

Co rd e

SVENT 75 SET3 PARAMETERY FUR W.ULC. F &6,

-3

FiAS-14 w

ATIBIS =T

TFIATRIBL2),ES.2) 66 75 178
X. .31&

12=.343

Ti=1.374

1Z=2.8644

60 10 g0

FOR A C-3 a4

=0t
12=.012
11,5229
12=3.5153
G0 T0 189

EVENT 8: SETS PARAMETERS FOR W.u.C. # St,

N
43.:88
253
3353
b
0é.lld
381,43

38:487
p.dLF
§9.428
PR
34144

41459
PEMEY
36473
#4823
361499
.55
#8553
]
56.3%9
#4242
.55

36560
33574
89,559
3153
31488
#8433
#8.:28
86428
éiLed
$81658
FERCL
§2.670
381438
98:496
381780
dai74
38.7:8
#8173
1744
831758
981744
#1773
#1788
951799
#9300
#9isid




DM TR A e
[ "
! -1 iag
. Veoavd
!
!
e
i :
' 331943
; F21952
t 321368
¥2213.9255 381373
IR ] 31550
z 381552
S OEVENT 9t 3ETS PARAYITERS FLR w.u.L. £ 7. 33253
2 #2313
C o+ FOR A 0-18) 4+ 53209
: #2823
9 ATRIB(S):=9 382046
TF(ATRIZI2NLELLD) 53 TO 99 192353
1878 352943
X2=.3266 282978
1=.8439 33:8c3
i ¥2:29.5128 13239
i 62 70 193 paziee
z ' Jezte
] S o# FOR A C-5 #+ ER
. £ 3243
19 Xiz.28L 352148
22,985 832358
Yi=,3622 842148
12:4,3696 562:79
3 70 180 §a2159
¢ 38298
{ EVENT 18t SETS PARAMETERS FOR %.J.C. # 55 % # 73, 382234
J ) 98222
j L s FORAC-141 & 482229
: ¢ 82230
19 ATRIB(S)=18 802244
. IF(ATRIB(2).EQ.2) €O 70 284 82258
X1=.8138 $92264
P X2:.8120 802274
1i=,1114 892238
l ¥2:12.56M 92299
0 70 199 892309
\ c L |
F.
106

e e . o ey om




nemmaa

A20R288 3
o2 THE AFPROF: ;
XLAND X2 ZET AR3VIh FOR

=2 e rar nee
£ rﬁ.-;n:a

SGEOTNID T X4 K8 ATRIBAL
0 USE EXPECTED WUMEER 07 FAILURES A3 THE AN OF A 22330
S BISTRIBITION T3 GET HE MR OF FHLURES CENERECER.
¢
1= ARSI D)
O DETERNINE EXPECTED NUMBER OF FAILURES FOR 3ETGRN SORTII.
UKD = X1+ X2 4 ATRISEH)
3 ODETIAMIN VOMERR OF TAILUAES ON RETURN SIRTII 4D ADD
© 73 HE AYDER F SAILORES OY THE QUTRCUND SORTIE.
S A+ RPN D)
i
. © IF NO FAILIRES OCCURy BOTH AX AND SUPPLY TIFZD AFE IERQ.
FLELD T
ATRIB3) =0
ATRIE(4)20
AT
ENDIF
¢ IF FAILURES 0CCIRED, [ETESWINE “IME 70 REPAIR (LSING
© BARANETERS) 11 AND 12, SET PREVIZUSLY). AL TINES COr
T FROM CANMA DISTRIBGTIONS.
¢
IFOR.GT.0) YGAMA(YL Y293}
¢
C ADJUST MX TINE IF WORE THAN CNE PART FAILED IN THIS SUBSYSTEM,
¢
IF(X.E6.1) ATRIBI3)=Y
F(X.0.2) ATRIB(3):1.54Y
IF(X.EQ.3) ATRIB(3)21,75%1
IF(X,GE.4) ATRIB(3)=2.04Y
[
C DETERNINE SUPPLY DELAY) [F ANY, IN USERF(6).
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AR

#cild

3ac3cd
232594
358d
LR
382528
382:%d
332448
PERCN ')
3ol
332674
882.%8
AR
302738
882715
#8720
§ez79
280744
§ecT38
#ac7ed
w2
#0278
902734
dazeed
gazsle

e a———— s
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ATRTOY = OIS
ATRIEY p -]

Rl ey i
i -
2
! S IF T-TIT @Il 3E 4 MPSLY [ELAY, DIVIDE X TIME IN -85,
i 3 ORALF OF THE WoRK asil BT DONE OEFISE, AND <GiF AFTIRe TRS
! TOSUEILY DELAY,
! -~
;4
i TRIB(A).OT.D) ATRIS(IIAATRIZ( 2
] ZTURN
3 ~
) :
D i i myes perm
f SOIVEINT . THIZ FANTE
, 2 3y [AI
5 - - o A - .
' £ 0NI/0AY, SND TOTAL TONMAGE M
. :
! : I~ - - . T
: ) --=H! = JURSENT 0141 FLY TIME/TONNAGE
' 2 ---T4 = YEITERDAY'S C1& FLY TINE/TIYASE
2 ---N5 = URRENT 09 FLY TIRE/TONNAGE
£ ---75 = YIITERDAYIS 05 FLY TIAE/TINRAGE
L UTE = STILIZATION (HRS/ACFT/TAY)
2 T o= TING/DAY
1017 (TNOW.NEL28.) Go TO 43

FLYNi=d

ToNNI=B

FLYNS:d

TLNNS=

4 TULAYSTNGW/ZZ,

FLYTi=FLINY

FUINGEXS)
! UTEL{FUINL-FLYTINITE,
CUTEI=FLYNL/ 176, /T5AY
TINTI=TONN!
TINNLSKR(E)
TB1=TINNL-TONTL
, CTB1=TONN1/TODAY

FLYTS=FLINS
FLYNS=XX(T)
UTES=(FLYNS-FLYTS!/S3.
CUTES=FLYNS/53./TO0AY
TONTS=TGNNS
TONNS=XX(9)
TOS=THNNS-TONTS
CTDS=TGNNS/TODAY

TOTAL={X(2)+XX(9)

TD=TD14705

CTD=CTDL4LTDS

FORMAT (/4" DAY "4F3.8: 330, "CLAL" 17Xy "CS")

et . S e o =t

108

332593
$32582
393
312973

250741

#2979
332968
33099
fe.see
1315

381549
383633
#3048

#3474
38332
383394
283138
daclid
e

#9313

pa2iid
282158

83148
683178
ga3ice
893196
283234
#83iid
gezze
843238
883244
a32se
883268
#83279
#8234
883233
#983330
2433.0




PSR Yo

2
T
134
45
14
47

4g¢

{74 47T PA87 28
(T Sie JATINE
{730 TEH/TAY PA
X 'CZH;-% 'J'
GLTITAL
TTHETOTAL €
FOR¥AT (7% 70780 1
PRINT 4271, TOLAY
RINT ELETELTTES
FRINT 482,0UTEL, 00728
; ‘5- iﬁinun'DS
PRINT 485,070 (CTLS
SRINT 236,70

SRINT 487,070

PRUNT <88,7270

RETURN

END

W = o

LECAR VS PR} P13 PSS S
UTES 13X 3 T ST
ST 24 HASBN M RSO
71191557"'31)”5 MFEL OIS D
¥ OPAET 28 SRS 1 IAGFSLD)
E TES/0RY i i3kers. 8

” "
0 PR RN ST
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30740

.48

Fa3828
992424
382843
383428
#33448
KF TN

£




‘ |
) 3 el BTN DR ST IR NI
( ,\1u3‘rq...(x33,n~..x 1 '\ ﬁ AX’AM’ 1335;5
i 35:4 }
f Sed SETIRATNE ABIRT WAINTENANCE TI%S a3 zz <3
" : 3544 \
‘ § YSIRFMRAND(L) + .3 13573 i
537553
t ¢ 359 ;
: Ded DETIININE OFTLOAD TI%ES FOR Cid: #4 52449 t
[ : 55344 i
! D WATRIBIZILERD 60 T X 3 i
' I \nqqanm.u. 20 63 70 21 :
. S ea JFFLIAC TINE FIR Cl4i 3ULY CARGS # 283444 ,
USERF = RNCSM (f.31.001) 83633
RETURN 353640
¢ 4 OFFLOAD TIMS FOR o141 QVERSIZE CARIY + 33367 ,
20 USERE = RNORM (.88:.2¢1) 382538 .
RETURN 383493 f
b 353708 ¢
0 #4 JETERMINE OFFLOAD TINEZ FIR 5 #4 "l
> 333723 :
i2f = DRAND(L) 183722 ‘
: x--.t..b.S) vO I: I.J f.'su 43 ;
FAYLLEL TS S0 70 28 333758 '
RS omonn TIME FOR C5 BULK CARGD #4 33748
USERF = RNGRM (3.81.5,1) #3778
RETURN H7%
C #4 OFFL0AD TIME FGR (5 GUERSIZE CARGO &+ §33793 i
23 USERF = 2¥ORY (2.440.901) mm ;
IF {LSERF.LT..7.0R.USERF,ST.S.8) 60 T3 23 333318 F
RETURN 303323 i
C #4 OFFLOAD TIME FOR U5 OUTSIZE CARGO #4 783839 {
24 USERF = RNORM (Z.31.9»1) 183043 i
iF USERF.LT..5.0R.USERF.CT.6.8) CC 70 24 733856 4
RETURN 263268
g 483573 ;
C #b DETERNINE CARGCS WEIGHT IN TONS #+ #8303
¢ 983598
3 IF (ATRIB(2).EQ.1) 60 TO 3t 463938
, C #4 FOR THE CS # 983919
X=0RANG (5) #3928 :
IF (X.LE..5H) GO TO 41 063926 ;
IF (X,LE..923) GO T0 42 #63949 {
€0 0 43 #3958 :
41 1=DRANT(4) 983945
IF (1LLE..5111) GO TO 411 382979 :
IF (1.LE..1715) GO 70 412 93984

IF (!.LE..JSJ) €0 T0 413 #939949
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) ass:-:fa
i IR S E.88L 3 ¢
| it 2T 422 234973 ;
! FOLILELE 50 TR 428 236442 ;
: (Y. _E..5:T0) 50 TO 434 PRI ] i
{ FOL,LIL6ZE9) 60 TD 425 234068
FOAX.ELLTI2E 60 TO 828 182475 '
4270 827 §acazi !
| i =R £(3) #04075 :
, T OULE.. DY) 63 TO 43t 534138
i T ONLE.38) 63 TO 432 333109
; G370 473 : bt I3
, DULOHETRE = &14,344(X1+14,3 98420
: RETLRY 184148
7 412 USERT = 82.78%(X-.1i11:489.5 334153 :
ETURN 34158 i
815 SIF = 735.208{X-,17150494,5 94:79 ;
RETIRN 738138 :
814 08IT = 3, 048(X-.1783)+99.5 534:%9 P4
RET.RY 3ae23d Py
520 USERE = AT.IUR(NILES 236348
IETIRN 38422
4§22 USERF = 136.4G4(X-.2282)429.3 §342"
‘ RETURN T
| 323 USERF = 132.438(1-,2788)+84.5 283258
: LN 385269
824 JSERF = £2,34(X-,5216)+44.3 34273
RETURN 388258
425 USERF = 538.58(X-,6172)474.8 94292
ETURN 834280
124 USERF = 74.48(X-.6%49)494.8 334314
RETUIN #54323
427 USERF = 18.3#(X-.7221)499.3 394330
RETURN 84343
430 USERF = 175.8%(X)425.9 3942C 3
RETURN 384363 i
432 USERF = 5d.98(X-.28)+48.6 034379 s
RETURN §a433
\ 433 USERF = 68.38(X-.80)+94.8 88439
b RETURN 304440
' C # FOR THE Cl4] o+ PITTN |
31 X=DRAND(S) : Bo4429
IF (1.LE,.588) 60 T0 St #4430
IF (X.LE..492) GO TO 52 34449
: IF (X.LE..923) GO T0 S3 834459
: €0 70 5¢ Ba4ase
%1 X=DRAND(4) 94478
IF (X.LE..348) GO TO St 94433
_ IF (X.LE..2166) GO TO 512 984298
1
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; FOULLELD a Ty
g TTOGLELLATER RQTC 3id
: FOINLELLANE) 3T TR
; TTOKGLTLLA9IE B0 TT S
f RSN 1
} : TSI X=fRANI(TY
j T OLL,DLLE95) 60 T) TR 734748
! 1T {X.LE..085) 62 TD EI2 384373
i I (XLLE,.268) 00 TO 523 $34382
\ FOXLLEL.555) 55 TD Sis a'= a
:‘ ZF \A-uu- UOSI :3 .3 3:5
: FONLLELEIE S0 TREN
f Sy
, 33 X=3RANG(D
: TR LIS) 62 TC 53 30¢cid
l :F \X-LE. -:ju GO TS 5-.’("")::;
IF (X.LE..415) 63 70 532 #3esed :
1T NLE. TR 63 D33 Ha4674 ;
1T 0LLE.LTES) GO T S35 324458 :
FOOLLE.. TR 60 T 5% Ee4490 i
FOAXLLE..928) 68 T0 R D :
8 TD 538 ]
T {=3RANDI9) \
FOOLLE..2U) 60 T 54 i
1T (LLE..468) €O 7D S8 ]
IF {X.LE..7S8) GO 70 543 334755
IT (X.LE..875) 63 T) S44 334749
G0 TG 545 34773

SULOUSERF = 1IS.8#(0)4b.3 384748
RETURN 134754

n

] o 16,794 (X-.84)+1 .8 #34209
13489
1 512 = 33.148(X-.21660 4184 353

#34839

33.164(%-.2682)+17.8 82243
; 384659
| 515 USERAF = T2.994(X-.4765)404.9 #8456d
RETIIAN 304579

16 USERF = 24.918(X-.4139)434.9 a04sce
RETURN #44592

517 USERF = 12.06%(X-.6938)436.3 #4940
RETURN #4919

f S21 USERF = 52.438(X)+6.9 984929
i RETURN #4938
! 522 USESF = 17,454(X-.895)411.9 84943
l RETURN #4956

523 USERF = 2088%(X-.263)+14.9 #949¢68

RETURN 894978

524 USERF = 27.68%(X-.268)+16.8 824984

i . RETURN §84999

L g 112
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SeU L TIE . XYL SIS %A A
T OLIERT = ifé4if-ETRi-48

325 UBERF = 6, 1%#f-,950000008
AETURY
07 L 36.36(X-.3%8)434,2

RLIRE 19 PRV

EEERC X XY E OFATAL I
RERC IS L 20 PR STEIONN:
= .54 (-,45)+14.3
13.07#{1-.4780+19.8

= 15304 (X-.7331424.8
RETURN

S27 USERF = 14.88%(X-.7951+34.0
RETIAN

S33 USERT = 54.804(X-.9261+56.8
FETURN

341 USERF = 19.87#(X)+9.3
RETURN

SEZ USERF = 9.89%(X-.2:9)+13.8

ETURN

343 LSERF = 34,45#{X-.44314+15.8
ETURN

544 USERF = 16.98{1-.758)+15.9
RETURN

547 USERF = 32,3#(X-.875)+17.3
RETURN

#% DETERMINE 141 TURNARIUND TIME #2

#4 USERF(4) = POSTFLIGKT + REFUELING + MX PREFLIGHT

Lar By I I o B or BN o}

& USERF = ANORNM(.7».38141+UNFRY(L.S1 2.5 41 4RNORNL. 7/ 480 )
RETURN

#4 DETERMINE C3 TURNARCUND TINE #+

#+ (SERF(S) = POSTFLICHT + REFUELING + WX PREFLIGHT

ICIICI O3

S USERF=RNORN{1.5).1203) +UNFRM(Z.§+4. 8, 5) +RNORN(L.50 . 12+3)
RETURN
CHAHHHH R
C THIS FUNCTION IS USED TO DETEININE HOW LONG AN ACFT #+
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#4°. 33

......

4 G0
3 Rl R
.ty W0

nonh

#3315

Bk

6835:73
Pzt
gaTiee
485288
435033
T Ny B
362238
ggcied
6372<

#45eid
#35279
Ja5cee
28,73
$35309
#as21d
#acil

863333
395346
#8353
#83369
873
725358
285394
fds4de
ORI
gasece
ge543¢
895444
295454
Bac4sd
285478
295420
gacege




- et . sttt e e~ e e .

A LRSS AL RARE £ 4 £ TN Ll O
P R I S i
2 EAneEn Sam e
EL T . DA P S V2 W o

- o
AN

~ .m CAaas s

- TR S LY. SO Aue  pasy
W TRCTOIEOGRE O LOCAL STINH AND dRSH 3

CARMEARRE4 R R R R R4 4T 4R R4 HE R HE 4440t dah e R R4 104

o o~
Qa% FIRITy DETERAINE 07 SURRLY I3 5 FAlTOR #4 32°:%8
: 555340
& I (GRANDIILLE..93) G0 TR LA
IFOATNOWLLEL283) GO TG sa3 g
N 335593

T FOR THE D4

T ATRISLER.2) 50 TE 33
1=0RAND (3}
IF (X.LE..004 62 TO 381
IFLLE,.309 50 TDIE
5178 303

Wi LgEce
RETERN

30 USERFI008.0100423,)41.2

RETURN
URERT={142.28%(X-,338: 472,141, 8

D%4 508 THE S ¢4

2B X=DRAND(Y)
iF (K.LE..882) 50 70 Zod
FO(XLLEL.255) G0 TO 289
ir (X.LE..323) GO TO 286
IF ($.,1E..338) GO 70 87
IF (X.LE,.585) 63 70 388
GO 76 3

394 USZRF=(12848.4(X;+24.04,.8
RETURN

385 USERF=(193.93(X-.982)+48,)41.8
RETURN

386 USERF=(Z266.67#(X-.253)+72,)41.8
RETURN

387 USERF=(1483.3(X-,3231496.)41.3
RETURN

389 USERF=(97.17#1X-,338)+128.)%1.8
RETURN

389 USERF=(57.83#(X-,585)+144,)41.8
RETURN

114

g it -

35LRY

333403
8854623
#3563
295643
ML

243

ko Sk WAt e R A ot

FEELEE

483718
#85728
243728

2574

#3739
89575
305773
35573

-----

383:38
35218
365328
385333
gescdd
495853
195648
8495874
335858
§95398
385784
#9394
#5928
#6738
#5049
895954
895968
#6978
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? Tl BATT 0TUIIOT QP ITRATISIT MALIFT: LI, TDogaens 33731
: ; 84383
G2 STANBERRY,AK TREZIS,11/03/10%3Y 34308
i . LE LGSR Jiedis
TIATTOIIY 018 WOUT LG5 Hkeld
ﬁ TIAETIXNASHS1Y WITH LSS BRaitd
: TINCTOIEE S WITH LD 364358
{ TIASTHNNIACS WIST LD 366863
! TIMSTXX{S)NUNETR LE FRECDS 96473
! TINSTAXX{6) 90241 FLY TINS; £36328
! TINSTHXNITYACE ELY TINES 386859
i TINSTVXX(3}9014L TINNASES £3648
, TINST XX{914CT TONNASTS 30413
' NETH0RYS 18623
REZ/CLLLLTEN 14t AIRCRAFT 734139
268/05(53) 123 5 AIRCRAFT 30643
RES/LEUSIZE) 3 LOAD E3UIP IN U5, 30.5
RES/LPUS(TH) 143 LOAD PERSONNEL IN 4.S. 386143
RZS/ACIN{352) 5 C141 AIRCREMS IN U.S. 5d4178
RES/ACSU(28) 164 £5 AIRCREWS IN 4.8, gikied )
RES/LEELR (28473 AT EJUIP IN ZURORS 286143 1
RES/LPELAUTE 34 L24D PERSONNIL 1IN EUROPE 196208
RES/ACIE!352) 473 Cid) AIRCRENS 1IN CUROPE 28210
RES/ACSE(36) 1185 L5 AIRCRZWS 1N ZURORE 864223
RES/MA3IRZITA 115 FLT CONTROLS MY 2£RS 306232
PES/MB3NZ138) 125 LANDING GEAR MX PERS 396244
, RES/MEZIYB(431412) ELECTRICAL SYSTENS MX FERS paezcd
| RES/M&23%4(571 1145 PNEUCRAULICS MX PERS 886266
; RES/MEZOXZI193) 4154 ENGINE %Y €35 30L279
' RES/MAZX1(4b) 116} ENVIRONMENTAL SYSTEMS MY PERS 286266
| RES/MAZ2A3(22) 175 FUEL SYSTEMS MX PERS 306294
RES/N325X1(45) 1164 INSTRUMENTS MX PERS 334309
REZ/MIZSXAI3D) 1195 A.TOOILAT MY PERS 38s2.6
RE3/M328X1 (49} 1283 HAVIGATION SYSTEMS #X PERS #6320
i RES/¥326X4(36) 1213 INS & RADAR XX PERS 396333
‘ ; 88434
PINITIALIZE THE MODEL FOR USER FORMATTED DATA 236356
; 386353
CREs280283 367
ACTy0iEVILS ' 634380
i EVI1 EVEsils 986299
i TERM; #8448
! ; #85419
! $CREATE A NEW LOAD EVERY 6 MINUTES 95428
! ; §08430
! CREr.16s:41} #6444
- ACT+oNNG(1) LT, 1,881} #6458
ACT1INNG(2) LT, 1/AST} fasasd
AS1  ASS)ATRIB{Z)=1,ATRIB(1)=ATRIB(1)+.81; 36479
ACTeriAL4L} 186430
¥
: 115
!




1oae= man LR P cei s mmsLtEm e A sanesg el
PaRIT ORI Y TIAL, SLLRN WLl RESUIAT UTAD ZRUIRMEN
.

! }

! AL~ ﬁiii')f:.-li W1

ALTr, 32604858
QCT!!.~.th 41

! 253 ASSHATSIR{Z)=3yATRIB{4) RNCRN (L. 3 b o XL = IR +10
] ATredlRy
i A3 ASSHIATRIE(Z =, LoATRIR(4)=RNIRNI L2y o XU 2 XXAT) +0 4
\ EASTTT Y]
f RID ADIATRIBILS2,ATRIZIL) =ATRIB(L) 4,50
i AT 0104053 36583
) y g666.3
, 7AATT FoOR A CS. AS.0Y WILL RECUIRE LDAD E3UIPmENT Fested
: ; 706423
225 AWACZIeCS el R
Al y1,632:455) pacssd
ACT11. 24800343 286668
455 ASSHATRIB(3) =, LsATRIB(4) =RNCRN(Z. 50 600 LN 1S =AX LS 440 §85473
ACT o eALES 336423
A3 ASSHATRIBI3)=@,ATRID(4)=RNJRM(3. Sy 819 XX {4 =KX {Sh+1) 386693
ACTr e eALP) I L]
H 484723
v4AlT FOR LOAD E9UIF 386728
H #6733
ALE  AWA(S)PLEUS/L1+ 4 28474
ACT1r1ALPY 286758
H 845743
VALY SOR LTAD CREW 384773
H ’ 894733
AL?  AWACS]LPUS/ L1 gdsTog
) 806538
tACCSUNT FOR LCADING TIMZ. ATRIB(4) IS LOABING TIME, S7RIZ(3! 32634
716 TNz TINC IT TAKES lnE LE T0 GET 70 THE ALF‘. 345823
tAFTER FREEING LE AND LPy ACFT ARE READY WITH CARGO AND NEED CRZWS. 344328
' 386844
ACTsATRIB{3)+ATRIB(4) #9854
GO0 14 #96344
ACTrATRIB(3) NE.B/FLEY 484378
ACT1rATRIB(3) ,EQ.§)FLPY #9854
FLE FREsLEUS/1+ 286394
ASSH XX {S)=XX(S) 417 336940
FL?  FRESLPUS/ 116 #86914
ACT ATRIB(Z) .EQ.1HCIRCA #6928
ACT19eC2RCT 986938
CIRC COL,INT(1)2C141 CARGO READY: 898949
ACT+01ACIUS #86953
CZ2RC COLsINT(1)+CS CARGO READY: #06960
ACT 1 ACSUS #96976
' 288999
116




e

o P
PaR L IR Tiel 4.RCREwS

OB ¥ EEET R
A: H.‘Aql’
;n I FOR IS AIRCREWS
’
ACTY AWAL4) Al
ACTy 104875
'“'QR CREW TUTY DAY I 40URS EBESIRE REPIRT 70 ARCRAFT, Ta%
VACITUNTS FCR CREW ASSEMELY) ERIZTINGY £TC.

AST  ASSHATRIBISI=TNON-2.3)
ACTHUNFRM(L.3+1.5)5
ST 13

WILL REGUIRE FRE-TAXEOFF MAINTENANCE.
(1)
AT .3T)A530
ACTUSERF (1) 1.151A58)
FL.GHT TIRE 70 ZURGPS.
S3  ASSHATRIBIA)=RNORM(7.7y.2) 4
ACTHATRIB(4) 446023
o GOON»23

TYESE TWO STATEMENTS FGLLOW TAE AIRCIAFT FOR
AND FLIGHT BACK TO THE U.S.

LNLIAG NG TURNARQLID
(SEE "AIRTRAFT RUUT.NE IN SURCPE™

ACTyATRIB(2).EQ.. LHALEE}
ACT++ATRIB{3) .£Q.8+ALPE}

!
FTHESE THQ STATEMENTS FOLLOW THE AIRCREW AFTER LANDING. (REWS
iG0 THRU DEBRIEFING: ETC.» THEN ARE ALLCWED 12 HOURS CREWREST
iBEFORE BEING MAKE AVAILAELE AGAIN.
?
ACT,UNFRM(1.8,1.5)»ATRIB(Z) ,EQ. 42015
ACT/ UNFRN(1.8+1.5) »ATRIB(Z).EG.2,C023
€01 COL,INT(S),CL&L DUTY DAYS
ASS XX (6)=XK(6) +ATRIB(4) + XX (8)=XX(8) +USERF {3} i
ACT12.85
FREACIE/LS
TERM}
C0Z  COL.INT(S),CS DUTY DAY§
ASSHXXCTI=XX(T) +ATRIB(4) »XX(9) =XR{9) +USERF (3)3
ACTH 12,67
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337339

127 3
ceiy }

i378:
33718
837323
8871:3
37149
4758
B27.48
9779
7%
LR
287223
5872
287029
237238
987244
287258
2676
278
397283
347293
iaT2e8
87218
837329
88732
287344
247353
82/368
867378
847338
887399
§§7488
38741
887423
897428
L)
87459
287440

078748

37486




FRTAITE/ N EApeEY |

I 1703

; 23753

TATRIRAFT ATUTINE 1N ELRTeE: B

H 307550

AT ANRITYILEEURSLG 38753

ACTyALREY E ALY

ALIS  RWAL3T D LFEGR/L 267543

} 47573

1UNLIAD THE ACFT 347553

} 237353

ATIEERF (2100078 337553

G007 GION» 14 387L:3

; ACTHATRIBIZ)EL. . 1FLED) 337628
) AT ATRIE(S) .20, 7LPES 387623
i FLEE FREALEECR/YS 387448
AT lPEY §57658

FLFC  CRE,LPER/LY 7763

COLYINTL3,TRANSIT TIMES #5474

i 897623

FAFTER THE ACFT ARE UNLIATED, SE9ARATE THE C14:S FADM ~- [SS 5876+

148D PREPARE FOR THE RETURN TRIP. 367798

H 23774

0T ATRIBIZY (B0, 140357 367708

ACT o ATRIB(2).ER. 2, G060 #8773

G0S  GOONel? ##R423S83HA3R8 R R4 HEHARRERIR 1443343 207743

H #8778

FTHIS ACTIVITY [NCLUZES POSTFLICKT) REFUELINGs AND %X PREFLT OF (-14:§ 767748

’ 247778

ACT;U%F?!(Z.5:4.9); 867758

' } 8677%¢
INCH WAIT FUR A Ci41 AIRCREW 387543

: i 6972:4
] AWA(T} HACIE/ 114 #673298
P 287323

+AGAINs 151 OF THE ~141S REGUIRE SOME PRE-TAKZOFF MAINTENANCE, #87249

i $67358

ACT UNFRM(,S91.5)1.154451 #87368

ACT»1.85,A518) 887878

AS1® ASS,ATRIB(L)=RNORM(9.31.2) XX (4) =XX(8)+ATRIB{S) 1 L} 307280

' I TERT )

+FLIGHT BACK TQ THE ©.S. 87948

H ' #7914

ACT,ATRIB(4) 4 #67928

’ 87938

1AFTER 13.5 HOURSs CREWS ARE MADE AVAILABLE FOR US-TO-EUROPE 897948

{FLICHTS. THIS INCLUDES 1Z HOURS FOR CREWREST. §97958

H 897948

GOONsZ? #7976

ACT 13,5, 1FALUY #97958
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caw o
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FaLl PREACI Y

TIAY
B8 GJ0ii $eRHRREERERS LR A HEE R R TR E SRR ER 4R AT H R LA RI LR 44
H
1TAIS ACTIVITY INCLUCES POSTFLIGATs REFUELING, AND ®X PREFLIGHT oF iSS
H

ACTHINFRN (2,804,805

i

PA0W wAlT FIR A €5 AIRCREM.
AR (18} 1ACSE/ 1015

6

’Rfr 2% OF THE CSS RESUIRE SOME PRE-TAKEQFF MAINTENANCE.

LRI T L TR R NI T R
ATar ThASLLY
A1 ASSHATRIB(A) =RNCRM(Z. .23 2o kXTI =XX(TI+ATRIB(6) 243

Ao

yFLIGHT DACK T3 THE i.5.

- - we

ACTHATRIB(G) ¢

- ww

AFTER 13,5 HOURS, CREWS AQE MALE AVAILABLE FIR US-TC-LUROPE
1FLIGKTS, THIS INCLUBES {2 WOURS FOR CREWREST.
H

CJU"’

ACTi3.900FASYY

ACT 1, CO3Y
FASY FRENACSU/1T

TERMY -
'
FHH A A AR A R 4 A4 H A 3 R R 4 1 1 4 SR R A 408
) ¥
4 HERE, THE AIRCRAFT ENTERS MAINTENANCE FOR REPAIR AS FOLLOWS: +
11 1)
FHAAF IR IR AR R A R R4 3 R F R R F A S A4S S R 33315 4 0 0 E 21208

?
+ AIRCRAFT BRANCHES TG 18 SUBSYSTEM NETWORKS.
?
GC3  GOONs1H}

ACT 11 oEVLH

ACTy 9 9EVZ?

ACT 9 sEV3S

ACTy 0o EVA}

ACT 1 9EVS?

ACTy90EVS}

BCT 1 0BV

ACT+1EVB?

ACT 11 EVY}

119

S

g3ce8%d
£38149
28c.'8
F3I.08
382178
#ac-Lg
28515

J851468
333174
38:18

333198
583238
g8slid
tﬂoaﬁ’

#6523

#0328
#8825

398248
83279
#9c28d
#8594
788390
208014
2es3c

g8e329
ges348
883250
#98268
#8837
28384
383394
§884d8
gaceis
ges42s
f984248
fasdd
998454
sasaed
$98479
483491




KT iiid 235831
: 363332
POTRIS NETWLS FULLOWS THE AIGFRAME SUBSYSTEM» W.U.l. il. 385513 ‘
i 338505 '
§ SVENT | DETZRMINES IF THERE ARE ANY FAILURZS IN 7415 Zugsvs™za 38553
i AND SETS MAINTENANCE TiMZ [N ATTARIBUTE 3 AND SUPPLY ELAY TIE Y AL ,
P IN ATTRIBUTE 4. %:3se :
H 205248
T ENEi s 362578
; 36252
i 1T THERS WERE NO FAILCRES: S NO MAINTENANCE TIME, THE 366539 g
i SUESYSTEIM GZ5 DIRECTLY TJ #AlT IN Qugiz 1. #oc:a8 ;
' : §386:2 ;
ACTATRIBIZ).ED. 80815 732628 i
H F33628
i iF THERS WERE FAILURES AND TSt AIRCRAFT IS A C-1d1y 338629 !
i THE SUBSYSTEM BRANCHES TO CJON NODE G2. 330658 f
i 32648 ;
ACTysATRIB(2) .EQ. 14623 205673 ;
H #8658
+ IF THERE WERE FAILURES AND THE AIRCRAFT 13 A -5 788¢%9 4
i THE SUBSYSTIM BRANCHES T0 GG NODS, 3. 302798
i 80571
ACTHATRIB(Z) .£8.2,62% #02728 '
H 338729 i
i FROM GZ,» THE SUBSYSTEM TAKES ONLY ONE CF THE FOLLOWING SRANCHES. 285748 :
+ THE FIRST ACTIVITY ALWAYS REPRESENTS THE CASE WHERE 4 TYPE OF 388753
3 MAINTENANCE SPECIALTY NOT IN THE NMODEL IS REQUIRED. THERT ARE 365748
+ ND RESGURCES ASSIGNED» 3UT MAINTENANCE TIME TS ACCOUNTED FCR GN 263773
7 THE WAY TC G22. ALL JTHER BRANCHES REPRESENT THE PRCBASILT' 365753
i 0OF NEEDING DIFFERENT SPECIALTIES THAT HAVE BEEN MOCELEDZ. IF 368799
i ONE OF THESE IS CHOSEN, THE SURSYSTEM GOES TO THE APFROPRIATE 306342
¢+ AGALIT KODZ TO WAIT FOR NAINTENANCE PERSONNEL. 398814 :
' #e5323 L
G2 GO0N» 13 966338 !
ACT)ATRIB(3)1.613+022} 4683844 4
ACTyy.383,AWL4 #8035 :
ACT+y. 084 A047 933358 i
H 303374
i FROM G3» AGAIN ONLY ONE BRANCH IS TAKEN» BUT THESE CHCICES §03384 ’
7 REPRESENT THE RESOURCES REJQUIRED BY A C-5 FOR THIS SUBSYSTEM. 349894 i
H 863998 :
63 GOONe L} ga8914
ACT/ATRIB(3) 1,453,022} 948928
ACTre 20014014 #38336
ACT 1. 951, AM34 208944
ACT 19,232,048} #03954
H #489¢9
v THIS NETHORK FOLLONS THE LANDING GEAR SUBSYSTEM» L3 ]
i W.U.C. l3v IN THE SAME PATTERN AS ABWE. 908984

120




, ;
N SNELN
ALTORTRIN LI B
STOATIIBIILLER. LGS
! AT TR0 0. 005050
} SR A TEY
: ACTIATRIRDY V380220
{ ACTer 4730 2a20
AT HA5AND)
AT 280 A0S
i ] A T
ﬁ ACTWATRIBO3 vl 21
i ST M TV EP R
) ' ACTy ) 8723620 33712
; ERETIE: o 1% el 553
X ACT o0, 201 05%E5
ATy, 74,4680 439158
EV3  EVEsSit §99:48
; 439178
§ THIS NETWIRX FOLLCWS THE FLIOHT CONTROLS SUBSYSTEM, 49:58
oA, 4y IN THE SAME DATTERN AS AZ0VE, 339199
; o0
ALTHATRIBIZLELBh3lS 329213
AST1ATRIZ2).E2. eds 339528
ACTHATRIB(2) ED.2V0T 329238
66 CI0Wis 239244 .
ACTIATRIRIIN 1. 18950225 289:548 3
ACTey . 25A0ANL S #992¢d ;
ACTyy. 135,83 83927 '
- ACT 1. 2290 ANA} 839239 i
| 8CTvr. 156, A4ST 099254 :
i ACTr ) B681AW93 969234 £
&7 G015 #9939
3 XTHATRIB(3) 1. 21702 #2933
ACT1y. 620861 369339
ACTry. 127,843 829348
ASTr 1. 4930 AU43 #2935 ;
; #99:00 )
i THIS NETHORK FOLLOWS THE ENGINE SUBSYSTEM» W.U.C. 23 #2937 g
i IN THE SAME PATTERN AS ABOVE. 89229 |
; 389390 |
EV4  EVEsdo1s 399490 i

ACT1,ATRIBI3) LEQ. 3104 0941

ACT1 ATRIBIZ) .EQ. 11085 AL

ACT1 ATRIB(2) ,EQ.2/09 L] ]

8 COOM 1 944 g
ACT ATRIE(3)4.1774622i #89450

ACT11 434, P53 #9448

; ACT11,289AKSH 00
PG GOONS 199439 ;

! R —_
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= cag st
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TDONETO(AA TULLlaS TRE ELECTRITAL SUBTITTIM LUl A0

TRE AME FATTIIN A5 ATLME.

R I
ACT ) ATRIB L LECL ol
WWoATRIBI2) B3, D010
ot T

ACTHaTRIBOI 1346220
ACT00 . 8780 Amid
AT T8 ARG
AT BS1 NS

ALTrs IS0

Gl ls

ALTHATRIZ 31923505000
BCT0r 5T60M6%0

ACTor LENALTH

TRIZ METWCR:  LlaS THE PNEULRACLICS SUZSYETEMy W.l.l. 45

ThI SAME FATTERN AS AECVE,

EVErbels

ACT 1 ATRIB(Z) .EQ. 3 bi
ACT ATRIB(2) .£Q. 103120
ACT 19 ATRIB(2) .2Q. 245430
GGONa L1

ACTATRIB(3 82345201
AT 32 kS

ACT11, 3650037

GOONs 1§
ACTHATRIE(3), . 082,622
ACTyy . 7C8rAU41

ACTyy 1462 AWGS

ATy, 852, AK85

THIS NETHORK FOLLONS THE FUEL SUBSYSTEM, ¥.U.C. &6

IN

THE SAME PATTERN AS ABOVE.

V7 EVE 7o 10

G4

ACT1+ATRIB(3) .EQ.$+07
ACT» ATRIB(Z) .EQ. 1114}
ACT1oATRIB(2) .EQ.2:C15¢
GOON» 1+

ACT/ATRIB(3) 1,868,627}
ACTyy S48, RN77
ACT1r.392,AK8}

23yied
A
329563
339574
33323
339553
i8%ad
379613
§39623
133638
3acsid
389658
369:03
385c72
639638
339694
é897dé
2397:3
#8978
F39738
839743
#897%8
9§97¢8
289774
289735
789758
239908
ga9ze
#8968
382328
899348
363858
88986d
839873
#89588
889594
889948
839919
#9928
989934
#0994
89958
#89968
889978
999984




(O

TR Y
' AT ATRIBID L BT 0000 $ 3353
ATy 81608430 443
BT 23N EaTH Pt/
{ ACTry 2732 AU8H CLiacd
! i 79343
‘ }OTHIS VETWOR TOLLIYS THE INCTRUMENTS SURSYITENS) W.dul. St 38853
| § TN THE SAME PATTERN A5 ABOVE. itaed
; 33873
EV8 VR8s it 313853
‘ ATTATRIBUS) EQ. 8005 319993
t ACTyo&TRIBIZ) EQ. LhGL60 21835
; ATV ATRIZID)LEQ.2:BITS 358
! 61 GGNs 1} sidcd
, ACTVATRIZIO) .. 8096225 1815
. AT 990, AWST 313143
: 017 GOONs1} 33158
ACTHATRIBI3) 1. 47706220 3844

ACT11.528, 433 318172 ,

ACTer 27712493 513139 !

ACTve 145 0ML G515

; 55298 ;

] nriI‘- NET432% FOLLOWS THE RACAR SUBSYSTZN) W.L.C. 72s 31923 g
i IN THE SAME ATTERN 35 ABCVE. 313209
; guazs
EV9  EVEr9eis PRI
ACTy 9 ATRIB(S) .E2.5,095 718252
ACT1 rATRIBIZ) ES. 116185 18268
ACT1»ATRIBIZ) .EC. 21619} §.8273
‘ Ci8  GOGH L 814230
o ACT/ATRIB(3) 1. 80646225 §:8299
‘ ATy 992, MM} §.3208
i G30Neli 513518
4 ACTVATRIB(3) 1. 81245225 #1832
ACT»r. 585,415 18358
ATy 480 86115 913338
; 914350
i THIS NETWORK FOLLOWS THE MALFUNCTION ANALYSIS SUBSYSTEM 310368
i W.U.C. S5 IN THE C-S» OR THE INERTIAL NAVICATION SUBSYSTEM: 314378
i W.U.C. 73 IN THE C-141) IN THE SAME PATTERN AS ABOVE. 13384
; #8398
EVI§ EVEs1dr !} $19408
ACT+»ATRIB{3) EQ. 61018} 19419
ACT 1 ATRIBIZ) Q. 11628} e
ACT1+ATRIB(2) EQ. 2,621 1 10438
C28  COONs13 19448
ACTHATRIB(3) 1,892,022 18459
ACTy1. 567101 §19460
ACTy 1. 435 10N1 15 §10478
chx COONs 1§ #9488
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'
i T4E NEXT SERIZS OF NETUIRKS REPRESENT THE ALLOCATION OF THE 3:3:'3
i YALNTENANCE SPECIALTIES THAT AAVE BEZH MOLELED, A»"* THE 38555
i MAINTENANCE HAS DEZN DONE AND SUPPLY GELAYS ACCOINT Ft‘Rv Py
© AL OF THESE NETRORAS END AT G22. Th Gy AS ABGVEN ONLY T 5057
i FIRST WILL BE CXPLAINED ©¥ DETAIL. 33538
. H z_,m
i THIS NETWORK FOLLONS THE 4S3ICNMENT OF AFSC 43tRZy THE FLICHT 398
i CONTRILS AINTENAGCE PERSONMNEL. THE SUISYSTEMS WAIT HERE FOR #0618
7 PIRSCHNEL TO BE ASSICNED #1862
; 4:8430
GHL AWATLL) PNEIRZ/ D LG #1364
; 318530
' MAINTENANCE IS ACCONPLISHED FOR THE TINE IN ATTRIZUTE 3. 3:3669
; 33878 ;
ALTIATRIBA3YS 9186c8 i
i 3:34%8 :
7 THE MAINTENANCE PERSCNNEL ARE FREED. 319734 i
i nine ¢
FRE/MA3IRZ/ 1014 8:972¢ {
; 24733 ;
i IF THERE IS NO SUPSLY DELAY IN ATTRIBUTE 4, THE SUBSYSTEM 174 3
i PROCEEDS TO o2:. #8752 4
; 38768 :
ACT1ATRIB(4) .EQ. 810221 48778
; 8:9750
i IF THERE 1S 4 SUPPLY DELAY, WE WAIT FOR SPARE PARTS FOR THE 8975
i AMCUNT OF TIME IN ATTRIBUTE 4» ANG THEN SET ATTRIBUTE ¢ ZQUAL #19¢99
i 70 ZERO SO THE SUBSYSTEW WILL MOT INCUR ANY FURTHER DELAY. g:301d
i 31382
ACTIATRIB(4) ATRIB(4) .CT. 5} #:03:9
ASS/ATRIBI4) =0} 6:9849
; 914354
7 FROM HERE, THE SUBSYSTEM IS ROUTED BACK TO THE AMAIT NODE #18563
i T0 HAVE MAINTENANCE MEN RE-ASSICNED SO THE REPAIR CAN BE 919979
i COMPLETED WITH THE SPARE PARTS. NOTE THAT THE REPAIR TINE 819088
i WAS ACTUALLY CUT IN HALFy IN THE EVENT ROUTINEs T0 MAKE 919899 g
# THIS DOUBLE TRIP THROUGH MAINTENANCE POSSIBLE. AFTER THE #1999 2
i MAINTENANCE IS COMPLETE, SUPSLY DELAY IS ZERQ: SO THE #6910 ;
i SUBSYSTEM WILL CO TO G22. 10920 i3
i #1993 £
ACT o913 10948 &
i d14956 %
i THIS NETHORK FOLLONS THE ASSICNMENT OF AFSC 431NZ) THE LANDING #1996 )
i GEAR WAINTENANCE PERSONNEL, IN THE SAME PATTERN AS ABOVE. 19970 k
i 914980 '
1
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S
LIS

AT ,.A,a:m £2.500223
ATAATIIRIATRIBI80. 0708
ACS1ATAIE 41280

AcTre AN

TFIS NETAGRX FOLLZWS THE ASIICNMNT JF 1Fvb ~23X6' THE
T_ICTRISAL SYITENS MAINTEXANCE FERSONKEZL) IN THE SANE PATTERN
4% AEWVE, '

Lo e we we wa wa

DREE-NYORIRT.L Vi) ¢ TAY I
ACTHATRIB(G
FRE, 42353/ 100
ALTrATRIE(S) .28. 350000
ACTHATRIB(A)HATRIB(A) LGT.0)
ASSHATRIB(4) =14
ACT 190 AMYS

THI3 NETJORY SOLLOWS THE ASSIGHMENT OF AFSC A22X4y THE
PNZUDRAULICS MAINTENANCE PERSONNEL, [N THE SAME PATTERN
AS 3BG

§ 3BGVE.

B e
2

AWA(14) ) BAL3K4/ 1010
ACTIATRIZ(3) )
FREIMRZ3XA/ 50 10

ACTy ATRIB(3).23.8:522)
ACTHATRIB (i sATRIB(4) .GT. 0}
ASSHATRIB ) =0

ACTy 1 rANGS

THIS NETWORK FOL.OWS THE SSSIGMMENT OF ATSC 426K2» THE ENGINE
MAINTENANCE PERSONNEL» IN THE SANE PATTERN AS AZQVE.

AMS  AWA(15) »#828X2/ 114
THATRIBA3)§
FREsMAZSXZ/ 1113
ACTyoATRIB{4) EQ.H)0227
ACT/ATRIB(4) ATRIB(4).CT.#i
ASSATRIB(8) =85
ACT»19ANS)

}
i THIS NETMORK FOLLOMS THE ASSICNMENT OF AFSC 423%1, THE
3 ENVIRONMENTAL SYSTEMS MAINTENANCE PERSONNEL: IN THE
i SAME PATTERN AS ABOVE.
1
b AWALLS) IMAZIXI/11H
ACT)ATRIB(3)}
FRE:NA23X1/14 1%

13
11142
31213
3id

o4z
bl

11348
81:5%3
311848
3,187
3:..853
"L :‘99

L8
gi:l8
Filild
#1180
gilieg
s
glibd
g.ii7d
3.3
il

311285

128
128

PR VY
beked

giilyd
311253
VY]
ALL278
;.;ﬁi

11298
61 94
3 1318

1182
32:3:

Bl
1135
911363
#1374
aLided
#1139
fiidgs
L) RLH )
VIREHH
211820
fli84d
#11454
81448
911878
f1:489




A e we o=
>
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Joa we we we s

rany

RO
HIROR: vy st

SHATRIE 6T

FILLTWS THE ASSISNMENT OF AFSC 42383y ThE FUEL
NTENANCE PIRSCNNEL, IN THE SAME FATTERN AS ABOVE.

AWALIT) MAZ3X3/ 101
ATIATRIB(SYY
FQE»HiZQX:/Iy‘I

ATy ATRIE(E) .28, 500220
3 Tvd°21:’~/téan 41,0783
A:5,ATRIB4) =83
ACTynrAu7}

THIS NETWORK FOLLOWS THE ASSIGNMENT CF AFSC 3Z5X1» THE AVIONIC

C“H‘

AUNENTS MAINTENANCE PERSONNEL, IN THE PATTERN AS ABOVE.

AWALLS) NM3ZEXi/ 115
ACTHATRIZ(N
SREMIIENL/ L l)

2Ty eATRIB(5) EQ.BC2DH
ACTHATRIB 4}, ATRIBIS.GT.8)
ASSHATRIB ) =8}

AZTrevRald

THIS NETWORK FOLLOWS THE ASSIGNMENT OF AFSC SZSka THE
AYTIMATIC FUIGHT CONTRILS MAINTZRANCE PERSCAHNEL, IN THE

49

Al

-

¥
i
i
i SAME PATTERN A3 ABCVE.
H

AWA {19 1432531 15
ACTHATRIB(3)S
SRESM2ZSXE/ 1S
ACTroATRIB(4) EQ. 80 (22}
ACTHATRIB(4) »ATRIB (4).GT.$)
ASSHATRIB (&) =43

ATy 0 1 ANYS

THIS NETUCRK FOLLOWS THE ASSICNMENT OF AFSC 328X1» THE AVIONIC
NAVIICATION SYSTEMS WAINTENANCE PERSONNEL, IN THE SAME PATTERN
AS ABQVE.

AA(20) 228X/ 115
ACTIATRIB(3)S

FRE.M328X1/1 i}
ACT+ATRIB(4) .EQ.0:C22}
ACT+ATRIS(4),ATRIB(4) .CT. 0}
ASS1ATRIB(4) =0}

ACT 00 0%

cavov

ERRY 1d
%ievte

#1iss
3ii3sd
3‘.358

Cl
15

511‘73
311563
311239
41133
3i.s.3
31:508
gitezd
311540
31‘.55
11663
51267
ALi485
Fois%8
z.1789
#1178
#1723

1o
LYY

Blivad
311753
EIRLY
31:773
BLLT38
31:798
31.208
pridig
#1:808
di1838
311344
§11358
#115¢d
#1187
#11886
#1898
#1190
fuiels
#1192
§1.939
91:948
aL195e
$11949
11978
#119¢8

Ak

L Gk Sial da

od sieak




¥
POTEID CWETAORY TIulaS THE ASSIAMFENT 23%4y TRE INERTIAL
} i AND RASR MAJIGATION SYSTEMS MGINTENAMCE PERSO:EL, IN TaD 3a8S
5 ! Vo TATTIRY AS ARCUE.
¢ ; ;
;.l AdlL AWALZL) M3Z3N4/ 114
- ATWATRIB D
: FAE M4/ G
; ATHATRIEI LE9. 0228
j . ACTVATRIZ¢4) ATRIB(4).57. 85
o AST)ATRIBI&) =3}
: ) ATy ysfmlld
+
i NOTE THAT ALL Su3SYSTS#S CONVERCE ON THIS RDINTy FRON THE TR
[ i NETWGRKS THAT MOLZL NAINTENANCZ PERSONNEL, OR DIRECTLY 51218
- i FR)® THE BRANCHING NUDES AFTER T#E SVENTS. §1oiid
A ; s
% 820 GOONel3 312168
; ; §:2172
; i IF THE SUBSYSTES TWAT CAME FROM THE DRANCHINS NOBER STILL §:218
r i HAVS SUPRLY DELAY TINE IN 4TTRIBUTE 4, THAT TI¥E PLUS TwE 712198
| i SICOND TIME THRGUGH THE MAINTZNANCE TIME 2RE ACCOUNTED FOR 3.2088
| PN THE HAY TO 23 3o
; 12073
TYATRIE(3)+ATRIZ(4)»ATRIE(4) 6T, 825235 512278
1 : gi224g
i ALL OTHEZS) WITH ATTRIBUTE § £3UAL TO ZERQ, PROCEED 760 523 §122%5
i WITH NO LELAY. 12268
; 812079
; ACTIATRIBIA).EQ. 10030 8:20%
: i - ekl
: i FRG* TKIS NODEy THE SUBSYSTZ3S G0 TO THE APPROSRIATE QUELC. 9:2338
i ATTRIBUTE 5 IS SET, IN TACH EVENT, TO THE NUMBER OF THAT 227
i EVENT. THUSs THE CONZITIONAL BRANCHING ENSURES THAT EACH $12328
; SUBSYSTEX WILL WAIT N THE APPROPRIATE QUEUE. 12339
; : §1224¢
' 23 COONiis 12359
ACT1 ATRIB(S) .EQ. 1,013 ) 12268
| . ACT/+ATRIB(S) Q. 2,823 312374
ACT/ATRIBIS) EQ.2+333 312384
ACT1 ATRIB(S) .£Q. 4,043 812298
ACTy+ATRIB(S) .£Q.5,05} #2469
ACTy/ATRIB(5) .EQ. 4006} §12819
! ACT+/ATRIB(S) .EQ. 74473 12424
f ACT:»ATRIB(S) .EQ.8,28} 912429
| ACT»+ATRIB(S) .£Q.9,9} B1244g
! ACT1»ATRIB(S) .EQ. 180103 912459
- i #1248
i THESE TEN JUEUES CORRESPOND TO THE SAME NUMBER EVENTS, 12476
’

S0 EACH SUBSYSTEM HAS A DISTINCT PLACE TO WAIT FOR 812438
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2 e (28 rrr s MATCS
pL GEZT e MAT0)

; arte a )
2 GHE(CT ey AT
33 GUZIZ9Y 900 MATE)

7 WELSE 10 22703
aid AUE(2) ve e MATOS

b WnEN ALL TEN SUZSYSTENS RAVE i;W"L:T:D HRINTINANCEY ZeOWN 3V
i OJAVING AN INTITY IN EACH OF THE TEN SUELIZ WITh THE ZAME MARK
PoOTIME DN ATTRIBUTE 1y THEY ARS NATCHEL AND ZENT TC AL,

i

!

AT MATY L AL/ALST/ALR3/AL G4/ AL AS/AL A6/ R1 13T FA1RSTALET A
21374

38
R
126

s st S o & ok

s et i,

e

H BlLed
i Tre ACCUMGLATE NOGE COMBINES ALL TEN SUBSYSTEMS (NTG ONE #1219
+  AIRCRATT THAT I3 READY 7O SEPLRT MAINTENALLE. §.0748
; 0 ""
A AT LG G EIGK L 32729
) 3:2738
PHESE IR R A4 4 H R A B RS R 1R R S LR R H R R R H R R 4 R L LR L L L HEER 12742
e + Fizisi
¥ AT THIS POINT» THE QIRCRAFT DERARTS MAINTENANCZ + g1i748
¥ $ 81778
FHAS SRR A R R R 4R A AR F R R R4 R 4 R R A S SR R E S E R4 R S 4 RRE SR EH 414 1273
H 31773
H Jiiies
+AIRCRAFT TURNAROLND AND RETURN T0 ACFT RESGURCE WHERE IT LIl
VWALITS 7GR CARGD (SEE BEGINNING OF NETWORK). di1lcld
H 312573
ACT USERF (4) 1 ATRIBI2).EQ. LoFi4ls g.2389
ACTLSERF{S)1ATRIBIZ) LEQ.2FLSY 9:28%8
i 12368
$ONCE THE ACFT IS FIXEDs IT IS MADE AVAILABLE FOR USE. 31257
H g:2822
Fidt FRE,C1AL/1} glztee
TERM} 3i908
FC3  FRELCS/Ls 12918
TERM? #12928
END} 12938
INITv02 7200 812944
SEEDS,~124397822910957 (1) +-34671333463389(2) 1 - 794544486 14281 (3} 3 $12954
SEEDS-184178237136813(4) »-290033629935885(5) v~ 147959512943949(4) } §12968
SEEDS,-125394583854829(7) 1~15B4TTT75643725(8) 1-227374746727947(9) 4 912978
SEEDS,-821740779446221 (1)} §.2988
MONTR)SUMRY, 24,24, ¢ #1299
FING 012289
128
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Wayne P. Stanberry was born 16 October 1948 in

Roswell, New Mexlco. He graduated from high school in

Murfreesboro, Tennessee in 1966 and enlisted in the United

States Alr Force. He attended the United States Air Force
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